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(54) WELL SCREEN ASSEMBLY

(57)  Awell screen assembly for use downhole com-
prising:

a first fluid pathway configured to provide fluid commu-
nication between an exterior of a wellbore tubular and an
interior of the wellbore tubular;a flow restrictor disposed
in the fluid pathway;a first actuation system comprising
a first receiving antenna, wherein the first receiving an-
tenna is configured to generate an electric current in re-
sponse to receiving a first electromagnetic signal having

a first frequency; anda first sliding member disposed in
series with the flow restrictor in the fluid pathway, wherein
the sliding member is transitional from a first position to
a second position in response to the electric current;
wherein the sliding member prevents fluid communica-
tion along the fluid pathway when the sliding member is
in the first position, and wherein the sliding member al-
lows fluid communication along the fluid pathway when
the sliding member is in the second position.
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Description
BACKGROUND

[0001] When wellbores are prepared for oil and gas
production, it is common to cement a casing string within
the wellbore. Often, it may be desirable to cement the
casing string within the wellbore in multiple, separate
stages. The casing string may be run into the wellbore
to a predetermined depth. Various "zones" in the subter-
ranean formation may be isolated via the operation of
one or more packers, which may also help to secure the
casing string and stimulation equipment in place, and/or
via cement.

[0002] Following the placement of the casing string, it
may be desirable to provide at least one route of fluid
communication out of the casing string. Conventionally,
the methods and/or tools employed to provide fluid path-
ways out of the casing string require mechanical tools
supplied by a rig and/or downhole tools needing high
temperature protection, long term batteries, and/or wired
surface connections. Additionally, conventional methods
may not allow for individual, or at least selective, activa-
tion of a route of fluid communication from a plurality of
formation zones.

SUMMARY

[0003] Inanembodiment, a wireless actuation system
comprises a transmitter, an actuation system comprising
a receiving antenna, and one or more sliding members
transitional from a first position to a second position. The
transmitter is configured to transmit an electromagnetic
signal, and the sliding member prevents a route of fluid
communication via one or more ports of a housing when
the sliding member is in the first position. The sliding
member allows fluid communication via the one or more
ports of the housing when the sliding member is in the
second position, and the actuation system is configured
to allow the sliding member to transition from the first
position to the second position in response to recognition
of the electromagnetic signal by the receiving antenna.

[0004] In an embodiment, a wireless actuation system
comprises a receiving antenna, an actuation mechanism
coupled to the receiving antenna, a pressure chamber,
and a slidable component disposed in a downhole tool.
The receiving antenna is configured to generate electric
power in response to receiving a signal, and the actuation
mechanism is configured to selectively trigger fluid com-
munication between the pressure chamber and the slid-
able component using the electric power. The slidable
component is configured to transition from a first position
to a second position based on a pressure differential be-
tween the pressure chamber and a second pressure
source.

[0005] In an embodiment, an actuation system for a
downhole component comprises a powered transmitter
comprising a transmitting antenna, and a downhole com-
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ponent comprising a central flowbore and a receiving an-
tenna coupled to an actuation system. The powered
transmitter is configured to be received within the central
flowbore, and the transmitting antenna is configured to
transmit a signal. The receiving antenna is configured to
generate electric power in response to receiving the sig-
nal from the transmitting antenna, and the actuation sys-
tem is configured to actuate using the electric power from
the receiving antenna.

[0006] In an embodiment, a method of actuating a
downhole component comprises passing a powered
transmitter through a central flowbore of a downhole
component; transmitting a signal from a transmitting an-
tenna disposed in the powered transmitter; generating
electric power in a receiver antenna disposed in the
downhole component in response to receiving the signal
from the transmitting antenna; and actuating an actuation
system using the electric power. The downhole compo-
nent may comprise a housing comprising the actuation
system; and a sliding member slidably positioned within
the housing. The sliding member may be configured to
transition from a first position to a second position. When
the sliding memberisin the first position, the sliding mem-
ber may prevent a route of fluid communication via one
or more ports of the housing, and when the sliding mem-
ber is in the second position, the sliding member may
allow fluid communication via the one or more ports of
the housing.

[0007] In an embodiment, a well screen assembly for
use downhole comprises a fluid pathway configured to
provide fluid communication between an exterior of a
wellbore tubular and an interior of the wellbore tubular;
a flow restrictor disposed in the fluid pathway; an actua-
tion system comprising a receiving antenna, and a sliding
member disposed in series with the flow restrictor in the
fluid pathway. The receiving antenna is configured to
generate electric power in response to receiving a first
electromagnetic signal having a first frequency, and the
sliding member is transitional from a first position to a
second position in response to the electric power. The
sliding member is configured to provide a first resistance
to fluid communication along the fluid pathway when the
sliding member is in the first position, and the sliding
member is configured to provide a second resistance to
fluid communication along the fluid pathway when the
sliding member is in the second position. The first resist-
ance and the second resistance are different.

[0008] In an embodiment, a well screen assembly for
use in a wellbore comprises a plurality of fluid pathways.
Each fluid pathway of the plurality of fluid pathways is
configured to provide fluid communication between an
exterior of a wellbore tubular and an interior of the well-
bore tubular, and two or more fluid pathways of the plu-
rality of fluid pathways comprise an actuation system
comprising a receiving antenna, and a sliding member
disposed in the corresponding fluid pathway. The receiv-
ing antenna is configured to generate electric power in
response to receiving a specific electromagnetic signal,
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and the sliding member is transitional from a first position
to a second position in response to the electric power.
The sliding member prevents fluid communication along
the corresponding fluid pathway when the sliding mem-
ber is in the first position, and the sliding member allows
fluid communication along the corresponding fluid path-
way when the sliding member is in the second position.
The actuation systems in each of the two or more fluid
pathways may be configured to generate the electric
power in response to specific electromagnetic signals
having different frequencies.

[0009] In an embodiment, a method comprises pre-
venting, by a sliding member, fluid flow through a fluid
pathway in a well screen assembly, inductively coupling,
by a receiving antenna, with a transmitting antenna that
is transmitting a first signal, generating electric power in
the receiving antenna in response to receiving the first
signal, translating the sliding member using the electric
power, and allowing fluid flow through the fluid pathway
in response to the translating of the sliding member. The
fluid pathway is configured to provide fluid communica-
tion between an exterior of a wellbore tubular and an
interior of the wellbore tubular. A flow restrictor may be
disposed in the fluid pathway.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of the
present disclosure and the advantages thereof, refer-
ence is now made to the following brief description, taken
in connection with the accompanying drawings and de-
tailed description:

Figure 1 is a partial cut-away of an embodiment of
an environment in which an wireless activatable
valve assembly and method of use of using such
wireless activatable valve assembly may be em-
ployed;

Figure 2 is a partial cut-away view of an embodiment
of a wellbore penetrating a subterranean formation,
the wellbore having an wireless activatable valve as-
sembly positioned therein;

Figure 3A is a cross-sectional view of an embodi-
ment of a wireless activatable valve assembly in a
first configuration;

Figure 3B is a cross-sectional view of an embodi-
ment of a wireless activatable valve assembly in a
second configuration;

Figure 4 is a partial cross-sectional view of an em-
bodiment of a wireless activatable valve assembly
along line A-A’ of Figure 3A ;

Figure 5 is a partial cut-away view of an embodiment
of a wireless activatable valve assembly;

Figure 6A is a cross-sectional view of an embodi-
ment of a wireless activatable valve assembly com-
prising an inflow control device in a first configura-
tion;

Figure 6B is a cross-sectional view of an embodi-
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ment of a wireless activatable valve assembly com-
prising an inflow control device in a second config-
uration; and

Figure 6C is a cross-sectional view of an embodi-
ment of a wireless activatable valve assembly com-
prising an inflow control device in a third configura-
tion.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] In the drawings and description that follow, like
parts are typically marked throughout the specification
and drawings with the same reference numerals, respec-
tively. In addition, similar reference numerals may refer
to similar components in different embodiments dis-
closed herein. The drawing figures are not necessarily
to scale. Certain features of the invention may be shown
exaggerated in scale or in somewhat schematic form and
some details of conventional elements may not be shown
in the interest of clarity and conciseness. The present
invention is susceptible to embodiments of different
forms. Specific embodiments are described in detail and
are shown in the drawings, with the understanding that
the presentdisclosureis notintended to limit the invention
to the embodiments illustrated and described herein. It
is to be fully recognized that the different teachings of
the embodiments discussed herein may be employed
separately or in any suitable combination to produce de-
sired results.

[0012] Unless otherwise specified, use of the terms
"connect," "engage," "couple," "attach," or any other like
term describing an interaction between elements is not
meant to limit the interaction to direct interaction between
the elements and may also include indirect interaction
between the elements described. Unless otherwise
specified, use of the terms "up," "upper," "upward," "up-
hole," or other like terms shall be construed as generally
from the formation toward the surface or toward the sur-
face of a body of water; likewise, use of "down," "lower,"
"downward," "down-hole," or other like terms shall be
construed as generally into the formation away from the
surface or away from the surface of a body of water,
regardless of the wellbore orientation. Use of any one or
more of the foregoing terms shall not be construed as
denoting positions along a perfectly vertical axis. Unless
otherwise specified, use of the term "subterranean for-
mation" shall be construed as encompassing both areas
below exposed earth and areas below earth covered by
water such as ocean or fresh water. As used herein, the
term "sliding" refers to the movement of two surface
against each other in an axial, radial, and/or rotational
manner.

[0013] The configuration of a wellbore may be varied
throughout the life of the wellbore. This may allow for
desired zones to be opened or closed to flow, or the flow
characteristics adjusted during production. In order to im-
plement this adjustment, a tool may be inserted into the
wellbore to physically alter the configuration of the com-
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ponents of the drilling, completion, and/or production
string. For example, a valve can be manually operated
with a latch mechanism engaged to a slickline, coiled
tubing, or the like, which requires a physical presence
within the wellbore. Such operations may be expensive
and difficult. As disclosed herein, a well tool such as a
Wireless Activatable Valve Assembly (WAVA) may be
used to adjust the configuration of the flowpaths within
the wellbore. The WAVA may effect a change in the var-
iation of a wellbore assembly using an electrical actuator
coupling to a transmitter disposed within the wellbore.
For example, the WAVA may rely on one or more batter-
ies to supply power to actuation systems, receivers, ac-
tuators, and/or to any other components. Such embodi-
ments may be used for a limited time corresponding to
the life of the batteries.

[0014] In some embodiments, a power source such as
a battery may not be present. Rather, the electrical ac-
tuator may be powered based on inductively coupling a
receiving antenna with a transmitter disposed in the well-
bore. When a receiver coupled to the actuator receives
the proper frequency (e.g., a resonant frequency and/or
filtered frequency response), electric power may be gen-
erated in the receiver that is sufficient to actuate the elec-
trical actuator. In this embodiment, the electrical actuator
may sit unpowered within the downhole assembly until
needed. When it is desired to actuate the electrical ac-
tuator, a transmitter may be disposed in the wellbore that
is configured to transmit the proper frequency to induce
a currentin the receiver. Since the receiver can be tuned
to be sensitive to frequency, a transmitter may be capable
of actuating only the desired electrical actuator while
leaving other electrical actuators that are tuned to differ-
ent frequencies unaffected. Thus, the wireless actuation
tools disclosed herein, may allow for selective actuation
of one or more flowpaths that may be disposed in a plu-
rality of zones in the wellbore without the need to phys-
ically intervened in the wellbore other than disposing a
transmitter into the wellbore. As such, the disclosed wire-
less actuation tools may provide an operator with im-
proved control and flexibility for scheduling the actuation
of various valves while offering a potential activation pe-
riod that extends beyond the life of any batteries used
with a well tool.

[0015] Disclosed herein are embodiments of a WAVA,
as well as systems that may be utilized in performing the
same. Particularly, disclosed herein are one or more em-
bodiments of a WAVA configured for selective activation
and methods of utilizing the same in servicing and/or
completing a wellbore. In an embodiment, the WAVA
and/or methods of utilizing the same, as disclosed herein,
may allow an operator to wirelessly open and/or close
one or more valves, such as for producting from one or
more zones of a subterranean formation,producing a for-
mation fluid therefrom, performing one or more workover
procedures therethrough (e.g., hydraulic fracturing,
acidizing, etc.), injecting a fluid into the formation, and
the like. In some embodiments, the WAVA and/or meth-
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ods of utilizing the same may allow for piloting operation
of avalve orindirect actuation of other valve components.
For example, the WAVA may allow for a ball valve seat
to be opened and/or closed to thereby allow the valve to
be opened or closed. In an embodiment, the WAVA may
be used to establish a fluid pathway for actuating a larger
component such as a packer, thereby selectively provid-
ing fluid communication to a packer setting piston.
[0016] Referring to Figure 1, in an embodiment of an
operating environment in which such a WAVA and/or
method may be employed is illustrated. It is noted that
although some of the figures may exemplify horizontal
or vertical wellbores, the principles of the methods, ap-
paratuses, and systems disclosed herein may be simi-
larly applicable to horizontal wellbore configurations,
conventional vertical wellbore configurations, or combi-
nations thereof. Therefore, unless otherwise noted, the
horizontal, deviated, or vertical nature of any figure is not
to be construed as limiting the wellbore to any particular
configuration.

[0017] Referring to the embodiment of Figure 1, the
operating environment generally comprises a wellbore
114 that penetrates a subterranean formation 102. Ad-
ditionally, in an embodiment, the subterranean formation
102 may comprising a plurality of formation zones 2, 4,
6,8, 10, 12, 14, 16, and 18 for the purpose of recovering
hydrocarbons, storing hydrocarbons, disposing of car-
bon dioxide, or the like. The wellbore 114 may be drilled
into the subterranean formation 102 using any suitable
drilling technique. In an embodiment, a drilling or servic-
ing rig 106 comprises a derrick 108 with a rig floor 110
through which one or more tubular strings (e.g., a work
string, a drill string, a tool string, a segmented tubing
string, a jointed tubing string, or any other suitable con-
veyance, or combinations thereof) generally defining an
axial flowbore may be positioned within or partially within
the wellbore 114. In an embodiment, such a tubular string
may comprise two or more concentrically positioned
strings of pipe or tubing (e.g., a first work string may be
positioned within a second work string). The drilling or
servicing rig 106 may be conventional and may comprise
a motor driven winch and other associated equipment
for conveying the work string within the wellbore 114.
Alternatively, a mobile workover rig, a wellbore servicing
unit (e.g., coiled tubing units), or the like may be used to
convey the tubular string within the wellbore 114. In such
an embodiment, the tubular string may be utilized in drill-
ing, stimulating, completing, or otherwise servicing the
wellbore, or combinations thereof.

[0018] The wellbore 114 may extend substantially ver-
tically away from the earth’s surface over a vertical well-
bore portion, or may deviate at any angle from the earth’s
surface 104 over a deviated or horizontal wellbore por-
tion. In alternative operating environments, portions or
substantially all of the wellbore 114 may be vertical, de-
viated, horizontal, and/or curved. In an embodiment, the
wellbore 114 may be a new hole or an existing hole and
may comprise an open hole, cased hole, cemented
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cased hole, pre-perforated lined hole, or any other suit-
able configuration, or combinations thereof. For exam-
ple, in the embodiment of Figure 1, a casing string 115
is positioned within at least a portion of the wellbore 114
and is secured into position with respect to the wellbore
with cement 117 (e.g., a cement sheath). In alternative
embodiments, portions and/or substantially all of such a
wellbore may be cased and cemented, cased and unce-
mented, uncased, or combinations thereof. In another
alternative embodiment, a casing string may be secured
against the formation utilizing one or more suitable pack-
ers, such as mechanical packers or swellable packers
(for example, SwellPackers™, commercially available
from Halliburton Energy Services).

[0019] Inanembodimentas illustrated in Figure 2, one
or more WAVA 200 may be disposed within the wellbore
114. In such an embodiment, the wellbore tubular string
120 may comprise any suitable type and/or configuration
of string, for example, as will be appreciated by one of
skill in the art upon viewing this disclosure. In an embod-
iment, the wellbore tubular string 120 may comprise one
or more tubular members (e.g., jointed pipe, coiled tub-
ing, drill pipe, etc.). In an embodiment, each of the tubular
members may comprise a suitable means of connection,
for example, to other tubular members and/or to one or
more WAVA 200, as disclosed herein. For example, in
an embodiment, the terminal ends of the tubular mem-
bers may comprise one or more internally or externally
threaded surfaces, as may be suitably employed in mak-
ing a threaded connection to other tubular members
and/or to one or more WAVA 200. In an embodiment,
the wellbore tubular string 120 may comprise a tubular
string, a liner, a production string, a completion string,
another suitable type of string, or combinations thereof.
[0020] In an embodiment, the WAVA 200 may be con-
figured so as to selectively allow fluid flow there-through,
for example, in response to receiving or sensing a pre-
determined EM signal. Referring to Figures 3A-3B and
Figure 6A-6C, an embodiment of such a WAVA 200 is
disclosed herein. In the embodiment of Figures 3A-3B
and Figure 6A-6C, the WAVA 200 may generally com-
prise a housing 210 generally defining a flow passage
36, one or more sliding members 216, one or more ports
212 for fluid communication between the flow passage
36 of the WAVA 200 and an exterior of the WAVA 200
(e.g., an annular space), and a actuation system 226.
[0021] As used herein, the term "EM signal" refers to
an electromagnetic signal. For example, an electrical sig-
nal may be transformed into an electromagnetic (EM)
signal by exciting a proximate electric field and/or a prox-
imate magnetic field, thereby generating an electromag-
netic signal. Additionally, the EM signal may be transmit-
table via a transmitting antenna (e.g., an electrical con-
ducting material, for example, a copper wire). Not intend-
ing to be bound by theory, the EM signal generally com-
prises an oscillating electrical field and an oscillating
magnetic field propagating at a velocity proportional to
or at about the speed of light. Additionally, the EM signal
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may be transmitted at a suitable magnitude of transmis-
sion power as would be appreciated by one of skill in the
arts upon viewing this disclosure. Also, the EM signal
may generally comprise polarized waves, non-polarized
waves, longitudinal waves, transverse waves, and/or
combinations thereof. The EM signal may be receivable
and may be transformed into an electrical signal (e.g.,
electric power) via areceiving antenna (e.g., an electrical
conducting material, for example, a copper wire), as dis-
closed herein.

[0022] In an embodiment, the EM signal may be char-
acterized as comprising any suitable type or configura-
tion of waveform or combination of waveforms, having
any suitable characteristics or combinations of charac-
teristics. For example, the EM signal may comprise one
or more sinusoidal signals and/or one or more modulated
analog signals, for example, via amplitude modulation,
frequency modulation, phase modulation, quadrature
amplitude modulation, space modulation, single-side-
band modulation, the like, or combinations thereof. In an
embodiment, the EM signal may exhibit any suitable du-
ty-cycle, frequency, amplitude, phase, duration, or com-
binations thereof, as would be appreciated by one of skill
in the art upon viewing this disclosure. For example, in
an embodiment, the EM signal may comprise a sinusoi-
dal waveform with a frequency within a frequency range
of about 3 kHz to about 300GHz, alternatively, about 100
kHz to about 10 GHz, alternatively, about 120 kHz to
about 3GHz, alternatively, about 120 kHz to about 920
MHz, alternatively, at any suitable frequency as would
be appreciated by one of skill in the arts upon viewing
this disclosure. In some embodiments, the EM signal may
comprise a frequency in a relatively low frequency range
such as between about 1 Hz to about 100 kHz, or about
3 Hz to about 3kHz. Additional suitable frequency ranges
may include about 1 kHz to about 100kHz, or about 3kHz
to about 100 kHz. Additionally or alternatively, in an em-
bodiment the EM signal may comprise one or more mod-
ulated digital signals, for example, via amplitude-shift
keying, continuous phase modulation, frequency-shift
keying, multiple frequency-shift keying, minimum-shift
keying, on-off keying, phase-shift keying, the like, or com-
binations thereof. For example, the EM signal may exhibit
any suitable data rate, baud rate, and/or amplitude, as
would be appreciated by one of skill in the art upon view-
ing this disclosure. For example, in an embodiment, the
EM signal may comprise an on-off keying signal digital
modulation at any suitable data rate.

[0023] Inanembodiment, the WAVA 200 is selectively
configurable either to disallow fluid communication
to/from the flow passage 36 of the WAVA 200 to/from an
exterior of the WAVA 200 or to allow fluid communication
to/from the flow passage 36 of the WAVA 200 to/from an
exterior of the WAVA 200. As illustrated in Figures 3A-
3B and Figures 6A-6B, in an embodiment, the WAVA
200 may be configured to be transitioned from a first con-
figuration to a second configuration, as disclosed herein.
[0024] In the embodiment depicted by Figure 3A and
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Figure 6A, the WAVA 200 is illustrated in the first config-
uration. In the first configuration, the WAVA 200 is con-
figured to disallow fluid communication between the flow
passage 36 of the WAVA 200 and the wellbore 114 via
the ports 212. Additionally, in an embodiment, when the
WAVA 200 is in the first configuration, the sliding member
216 is located (e.g., immobilized) in a first position within
the WAVA 200, as disclosed herein.

[0025] Inanembodimentas depicted by Figure 3B and
Figure 6B, the WAVA 200 is illustrated in the second
configuration. Inthe second configuration, the WAVA 200
is configured to allow fluid communication between the
flow passage 36 of the WAVA 200 and the wellbore 114
via one or more of the ports 212. In an embodiment, the
WAVA 200 may be configured to transition from the first
configuration to the second configuration upon the trans-
mission of a predetermined signal (e.g., an EM signal)
to the flow passage 36 of the WAVA 200, as disclosed
herein. Additionally, in such an embodiment, when the
WAVA 200 is in the second configuration one or more of
the sliding members 216 is in the second position, as
disclosed herein.

[0026] In an additional or alternative embodiment, as
depicted in Figure 6C, the WAVA 200 is illustrated in a
third configuration. In the third configuration, the WAVA
200 is configured to allow fluid communication between
the flow passage 36 of the WAVA 200 and the wellbore
114 via a bypass port 410, as disclosed herein. In an
embodiment, the WAVA 200 may be configured to tran-
sition from the first position or the second configuration
to the third configuration upon actuation of a bypass valve
416, as disclosed herein. Additionally, in such an embod-
iment, when the WAVA 200 is in the third configuration
the sliding member 216 may be in either the first position
or the second position, as disclosed herein.

[0027] Referring to Figures 3A-3B and Figures 6A-6C,
in an embodiment, the WAVA 200 comprises a housing
210 which generally comprises a cylindrical or tubular-
like structure. The housing 210 may comprise a unitary
structure; alternatively, the housing 210 may be made
up of two or more operably connected components (e.g.,
an upper component and a lower component). In an em-
bodiment, the housing 210 may comprise any suitable
structure; such suitable structures will be appreciated by
those of skill in the art with the aid of this disclosure.
[0028] In an embodiment, the WAVA 200 may be con-
figured for incorporation into the wellbore tubular string
120 or another suitable tubular string. In such an embod-
iment, the housing 210 may comprise a suitable connec-
tion to the wellbore tubular string 120 (e.g., to a casing
string member, such as a casing joint), or alternatively,
into any suitable string (e.g., aliner, a work string, a coiled
tubing string, or other tubular string). For example, the
housing 210 may comprise internally or externally thread-
ed surfaces. Additional or alternative suitable connec-
tions to a casing string (e.g., a tubular string) willbe known
to those of skill in the art upon viewing this disclosure.
[0029] In the embodiment of Figures 3A-3B and Fig-
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ures 6A-6C, the housing 210 generally defines the flow
passage 36, forexample, aflow path 36 generally defined
by an inner bore surface 238 of the housing 210. In such
an embodiment, the WAVA 200 is incorporated within
the wellbore tubular string 120 such that the flow passage
36 of the WAVA 200 is in fluid communication with the
flow passage 121 of the wellbore tubular string 120.
[0030] Inanembodiment, asillustrated in Figure 4, the
housing 210 may comprise one or more sliding chambers
disposed circumferentially around the flow passage 36
of the housing 210 and the housing 210 may be config-
ured to allow the one or more sliding members 216 to be
slidably positioned therein. For example, in an embodi-
ment, the housing 210 may generally define a sliding
chamber 220. In an embodiment, as illustrated in Figure
5, the sliding chamber 220 may generally comprise a
cylindrical bore surface 230, a first axial face 234, and a
second axial face 236. In an embodiment, the first axial
face 234 may be positioned at an uphole interface of the
cylindrical bore surface 230. Also in such an embodi-
ment, the second axial face 234 may be positioned at a
downhole interface of the cylindrical bore surface 230.
While illustrated as cylindrical bores, sliding chambers
comprising any suitable cross-section may be used with
sliding members having corresponding cross-sections.
In additional or alternative embodiments, the housing 210
may further comprise one or more recesses, cut-outs,
chambers, voids, or the like in which one or more com-
ponents of the actuation system 226 may be disposed,
as disclosed herein.

[0031] In an embodiment, the housing 210 comprises
one or more ports 212. In an embodiment, the one or
more ports 212 may be disposed circumferentially
around an interior and/or exterior surface of the housing
210. For example, the ports 212 may comprise an outer
port orifice 212a and an inner port orifice 212b and may
extend radially outward from and/or inwards towards the
flow passage 36, as illustrated in Figure 4. As such, these
ports 212 may provide a route of fluid communication
between the flow passage 36 and an exterior of the hous-
ing 210 when the WAVA 200 is so-configured. For ex-
ample, the WAVA 200 may be configured such that the
ports 212 provide a route of fluid communication between
the flow passage 36 and the exterior of the WAVA 200
(for example, the annulus extending between the WAVA
200 and the walls of the wellbore 114 when the WAVA
200 is positioned within the wellbore) when the route of
fluid communication of the ports 212 are unblocked (e.g.,
by the sliding member 216, as disclosed herein). Alter-
natively, the WAVA 200 may be configured such that no
fluid will be communicated via the ports 212 between the
flow passage 36 and the exterior of the WAVA 200 when
the route of fluid communication of the ports are blocked
(e.g., by the sliding member 216, as disclosed herein).
When a plurality of WAVA are disposed in the sliding
chambers disposed circumferentially around the flow
passage of the housing 210, each WAVA may be con-
figured to actuate in response to the same or a different
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frequency as any other WAVA, as described in more de-
tail herein. This may allow for selective opening or recon-
figuration of individual sliding chambers.

[0032] Inan embodiment, as illustrated in Figures 3A-
3B, the outer port orifice 212a may be disposed along
the cylindrical bore surface 230 of the sliding chamber
220 and the outer port orifice 212a may provide a route
of fluid communication between the exterior of the hous-
ing 210 and the sliding chamber 220. Additionally, the
inner port orifice 212b may be disposed along the cylin-
drical surface 230 of the sliding chamber 220 and the
inner port orifice 212b may provide a route of fluid com-
munication between the sliding chamber 220 and the flow
path 36 of the housing 210. In such an embodiment, the
outer port orifice 212a may be substantially aligned, at
least partially up-hole, or at least partially down-hole of
the inner port orifice 212b.

[0033] In an alternative embodiment, as illustrated in
Figures 6A-6C, the housing 210 may comprise an exte-
rior port 212c, an interior port 212d, and a bypass port
410. In an embodiment, the external port 212¢c may pro-
vide a route of fluid communication between the exterior
of the housing 210 and one or more chambers within the
housing 210 (e.g., an inflow chamber 412), as disclosed
herein. Additionally, the internal port 212d may be dis-
posed along the cylindrical surface 230 of the sliding
chamber 220 and the internal port 212b may provide a
route of fluid communication between the sliding cham-
ber 220 and the flow path 36 of the housing 210. Further,
in an embodiment, the bypass port 410 may be disposed
within the inflow chamber 412 of the housing 210 and
may provide a route of fluid communication between the
inflow chamber 412 and the flow path 36 of the housing
210.

[0034] In an additional embodiment, one or more of
the ports 212 (e.g., the external port 212¢) may be posi-
tioned adjacent to a plug, a screen, a filter, a "wire-
wrapped" filter, a sintered mesh filter, a pre-pack filter,
an expandable filter, a slotted filter, a perforated filter, a
cover, or a shield, for example, to prevent debris from
entering the ports 212. For example, in an embodiment
as illustrated in Figure 6A-6C, the WAVA 200 may com-
prise afilter 402 (e.g., a "wire -wrapped" filter) positioned
adjacent to and/or covering the exterior port 212¢ and
the filter 402 may be configured to allow a fluid to pass
but not sand or other debris larger than a certain size. In
an additional or alternative embodiment, the ports 212
may comprise one or more pressure-altering devices
(e.g., nozzles, erodible nozzles, fluid jets, or the like).
[0035] In an additional or alternative embodiment, the
housing 210 may comprise the inflow chamber 412. In
the embodiments of Figure 6A-6C, the inflow chamber
412 may provide a route of fluid communication between
the exterior of the housing 210 and the flow passage 36
of the housing 210, for example, via the external port
212c and a flow restrictor 404 and/or the bypass port
410, when so configured, as disclosed herein.

[0036] In an embodiment, the flow restrictor 404 may
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be disposed within the housing 210 to provide a route of
fluid communication between the inflow chamber 412
and the sliding chamber 220. In such an embodiment,
the flow restrictor 404 may be configured to cause a fluid
pressure differential across the flow restrictor 404 in re-
sponse to flowing a fluid through the flow restrictor 404
in at least one direction. In an embodiment, the flow re-
strictor 404 may be cylindrical in shape and may comprise
at least one fluid passage extending axially through the
flow restrictor 404 having a diameter significantly smaller
than the length of the passage. In an additional or alter-
native embodiment, the flow restrictor 404 may be formed
of an orifice restrictor, a nozzle restrictor, a helical restric-
tor, a u-bend restrictor, and/or any other types of suitable
restrictors for creating a pressure differential across the
flow restrictor 404. In an additional or alternative embod-
iment, the flow restrictor 404 may permit one-way fluid
communication, for example, allowing fluid communica-
tion in a first direction with minimal resistance and sub-
stantially preventing fluid communication in a second di-
rection (e.g., providing a high resistance). For example,
in an embodiment, the flow restrictor 404 may comprise
a check-valve or other similar device for providing one-
way fluid communication.

[0037] In an embodiment, the route of fluid communi-
cation provided by the flow restrictor 404 may be at least
partially more restrictive (e.g., more resistance) than the
route of fluid communication provided via the bypass port
410. For example, in an embodiment, a fluid may flow at
a lower flow rate and/or with a higher pressure drop
through the flow restrictor 404 than through the bypass
port 410.

[0038] Inan embodiment as shown in Figures 6A-6C,
a bypass valve 416 may be disposed within the inflow
chamber 412 and may be configured to selectively allow
or disallow fluid communication between the inflow
chamber 412 and flow passage 36 of the housing 210
via the bypass port 410, as disclosed herein. In an em-
bodiment, the bypass valve 416 may comprise an actu-
atable valve, a sliding member, a rupture disk, or any
other suitable device for selectively allowing or disallow-
ing a route of fluid communication, as would be appreci-
ated by one of skill in the art upon viewing this disclosure.
For example, in an embodiment, upon actuating (e.g.,
opening) the bypass valve 416 the WAVA 200 may be
configured such that a fluid may be allowed to commu-
nicate between the inflow chamber 412 and the flow pas-
sage 36 of the housing 210 via the bypass port 410. In
an embodiment, the bypass valve 416 comprises a slid-
ing member 216, an actuator 415 and a receiver 417.
The actuator 415 and or receiver 417 may be configured
to be actuated in response to a different frequency and/or
EM signal than the receiver 218. This may allow the ac-
tuator 250 to be actuated without activating the actuator
415, and vice versa.

[0039] In the embodiments of Figures 3A-3B and Fig-
ures 6A-6C, the sliding member 216 may be configured
to selectively allow or disallow a route of fluid communi-
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cation between the exterior of the housing 210 and the
flow path 36 of the housing 210. In the embodiment of
Figure 5, the sliding member 216 generally comprises a
cylindrical or tubular structure and may be sized to be
slidably and concentrically fitted in a corresponding bore,
as disclosed herein. In an embodiment, the sliding mem-
ber 216 may comprise a unitary structure; alternatively,
the sliding member 216 may be made up of two or more
operably connected segments (e.g., a first segment, a
second segment, etc.). Alternatively, the sliding member
216 may comprise any suitable structure. Such suitable
structures will be appreciated by those of skill in the art
upon viewing of this disclosure. In an embodiment, the
sliding member 216 may comprise a cylindrical sliding
member surface 216a, a first sliding member face 216c,
and a second sliding member face 216d.

[0040] As shown in Figure 5, the sliding member 216
may be slidably positioned within the housing 210 (e.g.,
within the sliding chamber 220). For example, in the em-
bodiment of Figure 5, at least a portion of the cylindrical
sliding member surface 216a may be slidably fitted
against at least a portion of cylindrical bore surface 230
of the housing 210 in a fluid-tight or substantially fluid-
tight manner. In an embodiment, the sliding member 216
may further comprise one or more suitable seals (e.g.,
O-ring, T-seal, gasket, etc.) at one or more surface inter-
faces, for example, for the purposes of prohibiting or re-
stricting fluid movement via such a surface interface. In
the embodiment of Figure 5, the slidingmember216 com-
prises seals 215 at the interface between the cylindrical
sliding member surface 216a and the cylindrical bore sur-
face 230.

[0041] In an embodiment, the sliding member 216 and
the one or more seals 215 may be disposed within the
sliding chamber 220 of the housing 210 such that at least
an upper portion of the sliding chamber 220 (e.g., a first
chamber portion 220a) may be fluidicly isolated from a
lower portion of the sliding chamber 220 (e.g., a second
chamber portion 220b and a third chamber portion 220c).
In such an embodiment, the first chamber portion 220a
may be generally defined by the first axial face 234, the
first sliding member face 216¢, and at least a portion of
the cylindrical bore surface 230 extending between the
first axial face 234 and the first sliding member face 216c¢.
Additionally, in an embodiment, the second chamber por-
tion 220b and the third chamber portion 220c may be in
fluidic isolation from each other, for example, via an ac-
tuable member 222 (e.g., a rupture plate, an activatable
valve), as disclosed herein. In such an embodiment, the
second chamber portion 220b may be generally defined
by the second sliding member face 216d, the actuable
member 222, and at least a portion of the cylindrical bore
surface 230 extending between the second sliding mem-
ber face 216d and the actuable member 222. Also, in
such an embodiment, the third chamber portion 220¢c
may be generally defined by the actuable member 222,
the second axial face 236, and at least a portion of the
cylindrical bore surface 230 extending between the ac-
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tuable member 222 and the second axial face 236.
[0042] In an embodiment, the first chamber portion
220a, the second chamber portion 220b, and/or the third
chamber portion 220c may be characterized as having
a variable volume. For example, the volume of the first
chamber portion 220a, the second chamber portion
220b, and/or the third chamber portion 220c may vary
with movement of the sliding member 216, as disclosed
herein.

[0043] Inanembodiment, the sliding member 216 may
be movable, with respect to the housing 210, from a first
position to a second position. In an embodiment, fluid
communication between the flow passage 36 of the WA-
VA 200 and the exterior of the WAVA 200, for example,
via the outer port orifice 212a and the inner port orifice
212b of the ports 212, may depend upon the position of
the sliding member 216 relative to the housing 210.
[0044] Referring to the embodiments of Figure 3A and
Figure 6A, the sliding member 216 is illustrated in the
first position. For example, in an embodiment as illustrat-
ed in Figure 3A, the sliding member 216 blocks the inner
portorifice 212b ofthe housing 210 and thereby, prevents
fluid communication between the flow passage 36 of the
WAVA 200 the exterior of the WAVA 200 via the ports
212. In an alternative embodiment, in the first position
the sliding member 216 may be positioned such that at
least a portion of the sliding member 216 is between the
outer port orifice 212a and the inner port orifice 212b and
thereby blocks a route of route of fluid communication
between the ports 212.

[0045] Referring to the embodiments of Figure 3B and
Figure 6B, the sliding member 216 is illustrated in the
second position. In the second position, such as illustrat-
ed in Figure 3B, the sliding member 216 does not block
the inner port orifice 212b of the housing 210 and thereby,
allows fluid communication from the flow passage 36 of
the WAVA 200 to the exterior of the WAVA 200 via the
ports 212.

[0046] Inanembodiment, the sliding member 216 may
be held (e.g., selectively retained) in the first position by
a suitable retaining mechanism, as disclosed herein. For
example, in the embodiment of Figure 3A, the sliding
member 216 may be held (e.g., selectively retained) in
the first position by a hydraulic fluid which may be selec-
tively retained within the second chamber portion 220b
by the actuation system 226 (e.g., to form a fluid lock).
In such an embodiment, while the hydraulic fluid is re-
tained within the second chamber portion 220b, the slid-
ing member 216 may be impeded from moving in the
direction of the second position. Conversely, while the
hydraulic fluid is not retained within the second chamber
portion 220b, the sliding member 216 may be allowed to
move in the direction of the second position. In an em-
bodiment, for example, in the embodiment illustrated by
Figure 3B, where fluid is not retained within the second
chamber portion 220b, the sliding member 216 may be
configured to transition from the first position to the sec-
ond position upon the application of a pressure (e.g., hy-
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draulic) to thefirst sliding member face 216¢, as disclosed
herein.

[0047] In an additional or alternative embodiment, the
sliding member 216 may be held in the first position by
one or more sheer pins. For example, one or more shear
pins may extend between the housing 210 and the sliding
member 216. In such an embodiment, the one or more
shear pins may be inserted or positioned within a suitable
borehole in the housing 210 and the borehole in the slid-
ing member 216. As will be appreciated by one of skill in
the art, the one or more shear pins may be sized to shear
or break upon the application of a desired magnitude of
force (e.g., force resulting from the application of a hy-
draulic fluid pressure, such as a pressure test) to the
sliding member 216, as disclosed herein. In an alternative
embodiment, the sliding member 216 may be held in the
first position by any suitable frangible member, such as
a shear ring or the like.

[0048] Inanembodiment, the sliding member 216 may
be configured to selectively transition from the first posi-
tion to the second position. In an embodiment the sliding
member 216 may be configured to transition from the
first position to the second position following the activat-
ing of the actuation system 226. For example, upon ac-
tivating the actuation system 226 a pressure change with-
in the sliding chamber 220 may result in a differential
force applied to the sliding member 216 in the direction
towards the second position.

[0049] Insuchanembodiment, the slidingmember216
may comprise a differential in the surface area of the
surfaces which are fluidicly exposed to the first sliding
chamber portion 220a (e.g., the second sliding member
face 216d) and the surface area of the surfaces which
are fluidicly exposed to the second sliding chamber por-
tion 220b and/or the third sliding chamber portion 220c
(e.g., the first sliding member face 216c¢). For example,
in an embodiment, the exposed surface area of the sur-
faces of the sliding member 216 which will apply a force
(e.g., ahydraulic force) in the direction toward the second
position (e.g., a downward force) may be greater than
exposed surface area of the surfaces of the sliding mem-
ber 216 which will apply a force (e.g., a hydraulic force)
in the direction away from the second position (e.g., an
upward force). For example, in the embodiment of Figure
3A and not intending to be bound by theory, the second
sliding chamber portion 220b is fluidicly sealed (e.g., by
the one or more seals 115 and the actuable member
222), and therefore unexposed to hydraulic fluid pres-
sures applied to the first sliding chamber portion 220a
thereby resulting in such a differential in the force applied
to the sliding member 216 in the direction toward the
second position (e.g., an downward force) and the force
applied to the sliding member 216 in the direction away
from the second position (e.g., an upward force). In an
additional or alternative embodiment, a WAVA like WA-
VA 200 may further comprise one or more additional
chambers (e.g., similar to first sliding chamber portion
220a, the second sliding chamber portion 220b, and/or
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the third sliding chamber portion 220c) providing such a
differential in the force applied to the first sliding member
in the direction toward the second position and the force
applied to the sliding member in the direction away from
the second position. Alternatively, in an embodiment the
sliding member 216 may be configured to move in the
direction of the second position via a biasing member,
such as a spring or compressed fluid or via a control line
or signal line (e.g., a hydraulic control line/conduit) con-
nected to the surface.

[0050] Inanembodiment, the hydraulic fluid may com-
prise any suitable fluid. In an embodiment, the hydraulic
fluid may be characterized as having a suitable rheology.
In an embodiment, the second sliding chamber portion
220b is filled or substantially filled with a hydraulic fluid
that may be characterized as a compressible fluid, for
example a fluid having a relatively low compressibility,
alternatively, the hydraulic fluid may be characterized as
substantially incompressible. In an embodiment, the hy-
draulic fluid may be characterized as having a suitable
bulk modulus, for example, a relatively high bulk modu-
lus. For example, in an embodiment, the hydraulic fluid
may be characterized as having a bulk modulus in the
range of from about 1.8 103 psi, Ib/in2 to about 2.8 10°
psi, Ib#in2 from about 1.9 10° psi, Ib¢in2 to about 2.6 10°
psi, Ibin2, alternatively, from about 2.0 105 psi, Ib4/in? to
about 2.4 105 psi, Ibfin2. In an additional embodiment,
the hydraulic fluid may be characterized as having a rel-
atively low coefficient of thermal expansion. Forexample,
in an embodiment, the hydraulic fluid may be character-
ized as having a coefficient of thermal expansion in the
range of from about 0.0004 cc/cc/°C to about 0.0015
cc/cc/°C, alternatively, from about 0.0006 cc/cc/°C to
about 0.0013 cc/cc/°C, alternatively, from about 0.0007
cc/cc/°C to about 0.0011 cc/cc/°C. In another additional
embodiment, the hydraulic fluid may be characterized as
having a stable fluid viscosity across a relatively wide
temperature range (e.g., a working range), for example,
across a temperature range from about 50° F to about
400° F, alternatively, from about 60° F to about 350° F,
alternatively, from about 70° F to about 300° F. In another
embodiment, the hydraulic fluid may be characterized as
having a kinematic viscosity in the range of from about
50 centistokes to about 500 centistokes. Examples of a
suitable hydraulic fluid include, but are not limited to
aqueous fluids (e.g., water), oils, such as synthetic fluids,
hydrocarbons, or combinations thereof. Particular exam-
ples of a suitable hydraulic fluid include water, silicon oil,
paraffin oil, petroleum-based oils, brake fluid (glycol-
ether-based fluids, mineral-based oils, and/or silicon-
based fluids), transmission fluid, synthetic fluids, or com-
binations thereof.

[0051] In an embodiment, the actuation system 226
may be configured to transition the sliding member 216
from the first position to the second position. Additionally,
in an embodiment, the actuation system 226 may be con-
figured to selectively allow a route of fluid communication
within the WAVA 200 upon receiving a predetermined
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EM signal, as disclosed in more detail herein. For exam-
ple, in an embodiment the actuation system 226 may
allow a route of communication between two or more
chambers 220 of the WAVA 200 upon receiving a pre-
determined EM signal, for example, a transmitter 300
transmitting an RF signal of about a predetermined fre-
quency within the flow passage 36 of the WAVA 200.
Additionally, in an embodiment, the actuation system 226
may be configured to selectively respond to one or more
predetermined characteristics of an EM signal (e.g., fre-
quency, modulation), as disclosed herein.

[0052] In an embodiment, the actuation system 226
generally comprises areceiver 218 and an actuator 250,
as illustrated in Figure 5. In an embodiment, the receiver
218 and/or the actuator 250 may be fully or partially in-
corporated within the WAVA 200 by any suitable means
as would be appreciated by one of skill in the art. For
example, in an embodiment, the receiver 218 and/or the
actuator 250 may be housed, individually or separately,
within a recess within the housing 210 of the WAVA 200.
In an alternative embodiment, as will be appreciated by
one of skill in the art, at least a portion of the receiver 218
and/or the actuator 250 may be otherwise positioned, for
example, external to the housing 210 of the WAVA 200.
It is noted that the scope of this disclosure is not limited
to any particular configuration, position, and/or number
of the receivers 218, and/or actuators 250. For example,
although the embodiment of Figure 5 illustrates an actu-
ation system 226 comprising multiple distributed compo-
nents (e.g., a single receiver 218 and a single actuator
250, each of which comprises a separate, distinct com-
ponent), in an alternative embodiment, a similaractuation
system may comprise similar components in a single,
unitary component; alternatively, the functions per-
formed by these components (e.g., the receiver 218 and
the actuator 250) may be distributed across any suitable
number and/or configuration of like componentry, as will
be appreciated by one of skill in the art with the aid of
this disclosure.

[0053] In an embodiment, the receiver 218 may com-
prise a receiving antenna and may be generally config-
ured to receive a signal (e.g., an EM signal). The receiver
218 may output an activation signal (e.g., an analog volt-
age or current), which may be generated due to receiving
the EM signal, upon a determination that the receiving
antenna has experienced the predetermined EM signal.
For example, in an embodiment, the receiver 218 may
output an activation signal (e.g., electric power) to the
actuator 250 in response to receiving a predetermined
EM signal (e.g., an RF signal of about a predetermined
frequency).

[0054] In an embodiment, the receiver 218 may com-
prise one or more receiving antennas. In an embodiment,
the receiving antenna may be positioned within the hous-
ing 210 of the WAVA 200 such that the receiving antenna
may sense EM signals within the flow passage 36 of the
housing 210. In order to allow the EM signal to be de-
tected by a receiving antenna, a window of material con-
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figured to allow for the transmission of an EM signal may
be disposed in the housing adjacent or near the receiving
antenna. In such an embodiment, the one or more re-
ceiving antennas may be configured to receive a signal
(e.g., the EM signal) and may convert the EM signal to
a suitable electrical signal (e.g., electric power). In an
alternative embodiment, the one or more receiving an-
tennas may be configured to inductively couple with a
transmitting antenna and in response may output a suit-
able electrical signal (e.g., electric power). For example,
in an embodiment, a suitable electrical signal may com-
prise a varying voltage signal or a varying current signal
indicative of the predetermined EM signal. In an embod-
iment, the receiving antenna may be configurable and/or
tunable to resonate and/or to respond selectively to an
EM signal comprising one or more predetermined fre-
quencies. The receiving antenna may comprise a receiv-
er circuit, or be tuned based on the design of the receiving
antenna (e.g., based on the coil length, diameter, etc.).
The receiving antenna may comprise various compo-
nents designed to provide a desired response such as
inductors, capacitors, and/or frequency filters. For exam-
ple, in an embodiment, the receiver may comprise a
coiled receiving antenna and in response to receiving an
EM signal of about a predetermined frequency the coiled
receiving antenna may inductively generate an EM field
which may be transferred into electric power or an elec-
trical voltage (e.g., viainductive coupling) above a thresh-
old value. In an embodiment, EM signals varying from
the predetermined frequencies by more than a certain
amount (e.g., by more than about 5%, more than about
10%, more than about 15%, or more than about 20%)
may not produce an inductive coupling, and/or may not
generate electric power or voltage above the threshold
value necessary to actuate the WAVA.

[0055] In an embodiment, the receiving antenna may
generally comprise an electrically conductive material
such as one or more materials formed of aluminum, cop-
per, gold, and/or any other suitable conductive material,
as would be appreciated by one of skill in the art upon
viewing this disclosure. In an embodiment, the one or
more materials of the receiving antenna may form a
coiled antenna, a loop antenna, short dipole antenna, a
half-wave dipole antenna, a double zepp antenna, an
extended double zepp antenna, a one and one half wave
dipole antenna, a dual dipole antenna, an off center di-
pole antenna, a microstrip antenna, a patch antenna, a
stripline antenna, a PCB transmission line antenna,
and/or any other suitable type of antenna as would be
appreciated by one of skill in the art upon viewing this
disclosure. Additionally, in an embodiment, the receiving
antenna may comprise a terminal interface. In such an
embodiment, the terminal interface may electrically
and/or physically connect the receiving antenna to a re-
ceiving circuit, as disclosed herein. In an embodiment,
the terminal interface may comprise one or more wire
leads, one or more metal traces, a BNC connector, a
terminal connector, an optical connector, and/or any oth-
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er suitable connection interfaces as would be appreciat-
ed by one of skill in the arts upon viewing this disclosure.
[0056] Inanembodiment, the receiver 218 may further
comprise an optional receiving circuit and may be con-
figured to tune the receiving antenna and/or respond to
the presence of the predetermined EM signal from the
receiving antenna. For example, the receiving circuit may
be configured to set and/or to adjust the resonance of
the receiving antenna and to output an electrical signal
(e.g., an analog voltage, an analog current) in response
to receiving the predetermined EM signal. Additionally or
alternatively, the receiving circuit may be configure to
amplify the electrical signal from the receiving antenna,
to filter the electrical signal from the receiving antenna,
to rectify a time varying signal, to trigger the actuator 250,
and/or any combination thereof, as would be appreciated
by one of skill in the art upon viewing this disclosure. In
such an embodiment, the receiving circuit may be in sig-
nal communication with the receiving antenna. In an em-
bodiment, the receiving circuit receives an electrical sig-
nal from the receiving antenna and generates an output
response (e.g., electric power or an electrical voltage).
In an embodiment, the receiving circuit may comprise
any suitable configuration, for example, comprising one
or more printed circuit boards, one or more integrated
circuits (e.g., an ASIC), a one or more discrete circuit,
one or more active devices, one or more passive devices
components (e.g., a resistor, an inductor, a capacitor),
one or more microprocessors, one or more microcontrol-
lers, one or more wires, an electromechanical interface,
a power supply and/or any combination thereof. For ex-
ample, the receiving circuit may comprise a resistor-in-
ductor-capacitor circuit and may configure the receiving
antenna to resonate and/or to respond to a predeter-
mined frequency. As noted above, the receiving circuit
may comprise a single, unitary, or non-distributed com-
ponent capable of performing the function disclosed
herein; alternatively, the receiving circuit may comprise
a plurality of distributed components capable of perform-
ing the functions disclosed herein.

[0057] In an embodiment (for example, in the embod-
iment of Figure 4 where the receiver 218 and the actuator
250 comprise distributed components) the receiver 218
may communicate with the actuator 250 via a suitable
signal conduit, for example, via one or more suitable
wires. Examples of suitable wires include, but are not
limited to, insulated solid core copper wires, insulated
stranded copper wires, unshielded twisted pairs, fiber op-
tic cables, coaxial cables, any other suitable wires as
would be appreciated by one of skill in the art, or combi-
nations thereof.

[0058] In an embodiment, the receiving circuit may
comprise a voltage driving circuit (e.g., a transistor power
amplifier) configured to output a voltage signal (e.g., an
activation signal) to the actuator 250 in response to the
electric power or electrical voltage from the receiving an-
tenna. In an alternative embodiment, the receiving circuit
may comprise a switch (e.g., an electromechanical relay,
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a one or more transistor, one or more digital logic gates)
configured to short a physical connection between the
actuator 250 and an electronic voltage supply in re-
sponse to the electric power or electrical voltage from
the receiving antenna.

[0059] In an embodiment, the receiving circuit may
communicate with the actuator 250 via a suitable sign-
aling protocol. Examples of such a signaling protocol in-
clude, but are not limited to, an encoded digital signal.
Alternatively, in an embodiment, the receiving circuit may
communicate with the actuator 250 via an electronic sig-
nal (e.g., an analog voltage or current signal).

[0060] Inan embodiment, the receiving circuit may be
configured to output a digital voltage or a current signal
to an actuator 250 in response to the presence of the
predetermined EM signal. For example, in an embodi-
ment, the receiving circuit may be configured to transition
its output from a low voltage signal (e.g., about 0V) to a
high voltage signal (e.g., about, 1.5 V, about 3 V, about
5 V) in response to the presence of the predetermined
RF signal. In an alternative embodiment, the receiving
circuit may be configured to transition its output from a
high voltage signal (e.g., about, 1.5 V, about 3 V, about
5V) to a low voltage signal (e.g., about OV) in response
to the presence of the predetermined EM signal.

[0061] Additionally, in an embodiment, the receiving
circuit may be configured to operate in either a low-power
consumption or "sleep" mode or, alternatively, in an op-
erational or active mode. The receiving circuit may be
configured to enter the active mode (e.g., to "wake") in
response to a predetermined RF signal, for example, as
disclosed herein. In some embodiments, the actuator 250
may not be coupled to a power source other than the
power generated by the receiving antenna.

[0062] Inanembodiment,thereceiver218 maybe sup-
plied with electrical power generated by the receiving an-
tenna. For example, in an embodiment, in response to
receiving an EM signal the receiving antenna (e.g., a
coiled antenna) may inductively generate an EM field,
which may be transferred into electric power or an elec-
trical voltage (e.g., inductive coupling). For example, in
an embodiment, the EM field may generate an alternating
electrical current and the receiver 218 may comprise a
bridge rectifier configured generate an electrical voltage
in response to the alternating electrical current passing
there-through. In such an embodiment, the electrical volt-
age generated by the bridge rectifier may power the re-
ceiver 218 and/or the actuator 250. For example, the gen-
erated power may supply power in the range of from
about 3mW to about 0.5 W, alternatively, from about 0.5
to about 1.0 W. In an embodiment, the power generated
by the antenna may be the only power available to the
device, which may be sufficient to actuate the actuator
250. In an embodiment, the power supplied by the re-
ceiving antenna may be the only source of power for the
receiver 218 and/or actuator 250.

[0063] In an alternative embodiment, the receiver 218
may receive electrical power via a power source. For
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example, in such an embodiment, the WAVA 200 may
further comprise an on-board battery, be coupled to a
power generation device, be coupled to a power source
within the wellbore, be coupled to a power source outside
the wellbore, or any combination thereof. In such an em-
bodiment, the power source and/or power generation de-
vice may supply power to the receiver circuit 218, to the
actuator 250, and/or combinations thereof, for example,
for the purpose of operating the receiver 218, the actu-
ator, or combinations thereof. An example of a power
source and/or a power generation device is a Galvanic
Cell, a molten salt batter, and the like. In an embodiment,
the power source and/or power generation device may
be sufficient to power the receiver 218, the actuator 250,
or combinations thereof. For example, the power source
and/or power generation device may supply power in the
range of from about 0.5 to about 10 watts, alternatively,
from about 0.5 to about 1.0 watt.

[0064] In an embodiment, the actuator 250 may gen-
erally be configured to provide selective fluid communi-
cation in response to an activation signal (e.g., an analog
voltage or current). For example, the actuator 250 may
allow or disallow a fluid to be communicated between
two or more chambers 220 in response to an activation
signal. Inan embodiment, atleast a portion of the actuator
250 may be positioned adjacent to and/or partially define
the third chamber portion 220c. In such an embodiment,
the actuator 250 may be configured to provide fluid com-
munication between the third chamber portion 220c and
the second chamber portion 220b in response to an ac-
tivation signal. In an embodiment, the third chamber por-
tion 220c may have a pressure below that of the second
chamber portion 220b.

[0065] In an embodiment as illustrated in Figure 5, the
actuator 250 may comprise a piercing member 224 such
as a punch or needle. In such an embodiment, the punch
may be configured, when activated, to puncture, perfo-
rate, rupture, pierce, destroy, disintegrate, combust, or
otherwise cause the actuable member 222 to cease to
seal the third chamber portion 220c. In such an embod-
iment, the punch may be electrically driven, for example,
via an electrically-driven motor or an electromagnet. Al-
ternatively, the punch may be propelled or driven via a
hydraulic means, a mechanical means (such as a spring
or threaded rod), a chemical reaction, an explosion, or
any other suitable means of propulsion, in response to
receipt of an activating signal. Suitable types and/or con-
figuration of actuators 250 are described in U.S. Patent
Pub. No. 2011/0174504 entitled "Well Tools Operable
Via Thermal Expansion Resulting from Reactive Materi-
als" to Adam D. Wright, et al., and U.S. Patent Pub. No.
2010/0175867 entitled "Well Tools Incorporating Valves
Operable by Low Electrical Power Input" to Wright et al.,
the entire disclosures of which are incorporated herein
by reference. In an alternative embodiment, the actuator
may be configured to cause combustion of the actuable
member. For example, the actuable member may com-
prise a combustible material (e.g., thermite) that, when
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detonated or ignited may burn a hole in the actuable
member 222. In an embodiment, the actuator 250 (e.g.,
the piercing member 224) may comprise a flow path (e.g.,
ported, slotted, surface channels, etc.) to allow hydraulic
fluid to pass therethrough.

[0066] In an alternative embodiment, the actuator 250
may comprise an activatable valve. In such an embodi-
ment, the valve may be integrated within the housing
210, for example, at least partially defining the sliding
chamber 220 (e.g., defining the third chamber 220c). In
such an embodiment, the valve may be activated (e.g.,
opened) so as to allow fluid communication between the
third chamber portion 220c and the second chamber por-
tion 220b.

[0067] In an embodiment, the actuable member 222
may be configured to contain the hydraulic fluid within
the second chamber portion 220b until a triggering event
occurs (e.g., an activation signal), as disclosed herein.
For example, in an embodiment, the actuable member
222 may be configured to be punctured, perforated, rup-
tured, pierced, destroyed, disintegrated, combusted, or
the like, for example, when subjected to a desired force
or pressure. In an embodiment, the actuable member
222 may comprise a fluid barrier, a rupture disk, a rupture
plate, or the like, which may be formed from a suitable
material. Examples of such a suitable material may in-
clude, but are not limited to, a metal, a ceramic, a glass,
a plastic, a composite, or combinations thereof.

[0068] In an embodiment, upon destruction of the ac-
tuable member 222 (e.g., open), the hydraulic fluid within
the second sliding chamber portion 220b may be free to
move out of the second sliding chamber portion 220b via
the pathway previously contained/obstructed by the ac-
tuable member 222. For example, in the embodiment of
Figure 3B, upon destruction of the actuable member 222,
the third sliding chamber portion 220c may be configured
such that the fluid may be free to flow out of the second
sliding chamber portion 220b and into the third sliding
chamber portion 220c. In alternative embodiments, the
third sliding chamber portion 220c may be configured
such that the fluid flows into a secondary chamber (e.g.,
an expansion chamber), out of the well tool (e.g., into the
wellbore), into the flow passage, or combinations thereof.
[0069] Additionally or alternatively, the second sliding
chamber portion 220b may be configured to allow the
fluid to flow therefrom at a predetermined or controlled
rate. For example, in such an embodiment, an atmos-
pheric chamber may further comprise a fluid meter, a
fluidic diode, a fluidic restrictor, or the like. For example,
in such an embodiment, the fluid may be emitted from
the second sliding chamber portion 220b via a fluid ap-
erture, for example, a fluid aperture which may comprise
or be fitted with a fluid pressure and/or fluid flow-rate
altering device, such as a nozzle or a metering device
such as a fluidic diode. In an embodiment, such a fluid
aperture may be sized to allow a given flow-rate of fluid,
and thereby provide a desired opening time or delay as-
sociated with flow of fluid exiting the second sliding cham-
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ber portion 220b and, as such, the movement of the slid-
ing member 216. Fluid flow-rate control devices and
methods of utilizing the same are disclosed in U.S. Patent
Application Pub. No. 2011/0036590 entitled "System and
Method for Servicing a Wellbore" to Jimmie R. William-
son, et al., which is incorporated herein by reference in
its entirety.

[0070] In an embodiment, such an EM signal may be
generated by a transmitter formed as or contained within
a tool, or other apparatus (e.g., a ball, a dart, a bullet, a
plug, etc.) disposed within the wellbore tubular string 120.
For example, in the embodiments of Figures 3A-3B, the
transmitter 300 (e.g., a dart) may transmit a predeter-
mined EM signal and may be disposed within the flow
passage 121 of the wellbore tubular string 120 and/or
the flow passage of the WAVA 200 so as to be detected
by the WAVA or a component thereof, as disclosed here-
in. In an embodiment, the transmitter 300 may comprise
a transmitting circuit 310.

[0071] In an embodiment, the transmitter 300 may
comprise one or more transmitting antennas. In an em-
bodiment, the transmitting antenna may be positioned
within the transmitter 300 such that the transmitting an-
tenna may transmit EM signals within the flow passage
36 of the housing 210 of the WAVA 200. In such an em-
bodiment, the one or more transmitting antennas may be
configured to transmit an electrical signal (e.g., electric
power) and may convert the electrical signal to a suitable
EM signal. In an additional or alternative embodiment,
the one or more transmitting antennas may be configured
to inductively couple with a receiving antenna. In an em-
bodiment, the transmitting antenna may be configured
by the transmitting circuit 310 to transmit an EM signal
comprising one or more predetermined frequencies. For
example, the transmitting antenna may only transmit an
EM signal of a predetermined frequency, or a plurality of
EM signals of predetermined frequencies.

[0072] In an embodiment, the transmitting antenna
may generally comprise a conductive material such as
one or more materials formed of aluminum, copper, gold,
and/or any other suitable conductive material, as would
be appreciated by one of skill in the art upon viewing this
disclosure. In an embodiment, the one or more materials
of the transmitting antenna may form a coiled antenna,
aloop antenna, short dipole antenna, a half-wave dipole
antenna, a double zepp antenna, an extended double
zepp antenna, a one and one half wave dipole antenna,
a dual dipole antenna, an off center dipole antenna, a
microstrip antenna, a patch antenna, a stripline antenna,
a PCB transmission line antenna, and/or any other suit-
able type of antenna as would be appreciated by one of
skill in the art upon viewing this disclosure. Additionally,
in an embodiment, the transmitting antenna may com-
prise a terminal interface. In such an embodiment, the
terminal interface may electrically and/or physically con-
nect the receiving antenna to the transmitting circuit 310.
In an embodiment, the terminal interface may comprise
one or more wire leads, one or more metal traces, a BNC
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connector, a terminal connector, an optical connector,
and/or any other suitable connection interfaces as would
be appreciated by one of skill in the arts upon viewing
this disclosure.

[0073] In an embodiment, the transmitting circuit 310
may be configured to generate an EM signal and to trans-
mit the EM signal via the transmitting antenna. For ex-
ample, in an embodiment, the transmitting circuit 310
may generally be configured to generate an electrical
signal (e.g., electric power or electrical voltage), to am-
plify the electrical signal, to modulate the electrical signal,
to filter the electrical signal, to transmit the electrical sig-
nal via the transmitting antenna and/or any combination
thereof, as would be appreciated by one of skill in the art
upon viewing this disclosure. In such an embodiment,
the transmitting circuit 310 may be in signal communica-
tion with the transmitting antenna.

[0074] In an embodiment, the transmitting circuit 310
may comprise any suitable configuration, for example,
comprising one or more printed circuit boards, one or
more integrated circuits (e.g., an ASIC), a one or more
discrete circuit components, one or more active devices,
one or more passive devices (e.g., aresistor, an inductor,
a capacitor), one or more microprocessors, one or more
microcontrollers, one or more wires, an electromechan-
ical interface, a power supply and/or any combination
thereof. As noted above, the transmitting circuit 310 may
comprise a single, unitary, or non-distributed component
capable of performing the function disclosed herein; al-
ternatively, the transmitting circuit 310 may comprise a
plurality of distributed components capable of performing
the functions disclosed herein.

[0075] For example, in an embodiment, the transmit-
ting circuit 310 may comprise an integrated circuit com-
prising a crystal oscillator and a coiled transmitting an-
tenna. In such an embodiment, the crystal oscillator may
be configured to generate an electrical voltage signal
comprising one or more predetermined frequencies. Ad-
ditionally, in such an embodiment, the electrical voltage
signal maybe applied to the coiled transmitting antenna
and inresponse the coiled transmitting antenna may gen-
erate an EM signal. As disclosed herein, the EM signal
may be effective to elicit a response from the WAVA,
such as to "wake" one or more components of the actu-
ation system 226, to activate the actuation system 226
as disclosed herein, or combinations thereof.

[0076] In an embodiment, the transmitting circuit 310
may be supplied with electrical power via a power source.
For example, in such an embodiment, the transmitter 300
may comprise an on-board battery, a power generation
device, or combinations thereof. In such an embodiment,
the power source and/or power generation device (e.g.,
a battery) may supply power to the transmitting circuit
310, for example, for the purpose of operating the trans-
mitting circuit 310. An example of a power source and/or
a power generation device is a Galvanic Cell. In an em-
bodiment, the power source and/or power generation de-
vice may be sufficient to power the transmitting circuit
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310. For example, the power source and/or power gen-
eration device may supply power in the range of from
about 0.5 to about 10 watts, alternatively, from about 0.5
to about 1.0 watt.

[0077] One or more embodiment of a WAVA 200 and
a system comprising one or more of such WAVA 200
having been disclosed, one or more embodiments of a
wireless actuation system method utilizing the one or
more WAVAs 200 (and/or system comprising such WA-
VA 200) is disclosed herein. In an embodiment, such a
method may generally comprise the steps of providing a
wellbore tubular string 120 comprising one or more WA-
VAs 200 within a wellbore 114 that penetrates the sub-
terranean formation 102, optionally, isolating adjacent
zones of the subterranean formation 102, passing a
transmitter 300 within the flow passage 121 of the well-
bore tubular string 120, preparing the WAVA 200 for com-
munication of a formation fluid (for example, a hydrocar-
bon, such as oil and/or gas), and communicating a for-
mation fluid via the ports 212 of the WAVA 200. In an
additional embodiment, for example, where multiple WA-
VA 200 are placed within a wellbore 114, a downhole
component actuation method may further comprise re-
peating the process of preparing the WAVA 200 for the
communication of a production fluid and communicating
a production fluid via the ports 212 if the WAVA 200 for
each of the WAVA 200.

[0078] Referring to Figure 2, in an embodiment the
wireless actuation system method comprises positioning
or "running in" a completion string 120 comprising a plu-
rality of WAVA 200a-200i within the wellbore 114. For
example, in the embodiment of Figure 2, the completion
string 120 has incorporated therein a first WAVA 200a,
a second WAVA 200b, a third WAVA 200c, a fourth WA-
VA 200d, a fifth WAVA 200e, a sixth WAVA 200f, a sev-
enth WAVA 200g, an eighth WAVA 200h, and a ninth
WAVA 200i. Also in the embodiment of Figure 2, the com-
pletion string 120 is positioned within the wellbore 114
such that the first WAVA 200a, the second WAVA 200b,
the third WAVA 200c, the fourth WAVA 200d, the fifth
WAVA 200e, the sixth WAVA 200f, the seventh WAVA
200g, the eighth WAVA 200h, and the ninth WAVA 200i
may be positioned proximate and/or substantially adja-
cent to a first, a second, a third, a fourth, a fifth, a sixth,
a seventh, an eighth, and a ninth subterranean formation
zone 2, 4, 6, 8, 10, 12, 14, 16, and 18, respectively. It is
noted that although in the embodiment of Figure 2, the
wellbore tubular string 120 comprises nine WAVAs (e.g.,
WAVA 200a-200i), one of ordinary skill in the art, upon
viewing this disclosure, will appreciate that any suitable
number of WAVA 200 may be similarly incorporated with-
in a tubular string such as the wellbore tubular string 120,
for example one, two, three, four, five, six, seven, eight,
or more WAVA 200. In an alternative embodiment, two
or more WAVA 200 may be positioned proximate and/or
substantially adjacent to a single formation zone, alter-
natively, a WAVA 200 may be positioned adjacent to two
or more zones.
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[0079] In an embodiment, once the completion string
120 comprising the WAVA 200 (e.g., WAVA 200a-200i)
has been positioned within the wellbore 114, one or more
of the adjacent zones may be isolated and/or the com-
pletion string 120 may be secured within the subterrane-
an formation 102. For example, in an embodiment, the
first zone 2 may be isolated from relatively more uphole
portions of the wellbore 114 (e.g., via afirst packer 170a),
the first zone 2 may be isolated from the second zone 4
(e.g., via a second packer 170b), the second zone 4 from
the third zone 6 (e.g., via a third packer 170c), the third
zone 6 from the fourth zone 4 (e.g., via a fourth packer
170d), the fourth zone 8 from relatively more downhole
portions of the wellbore 114 (e.g., via a fifth packer 170e),
or combinations thereof. In an embodiment, the adjacent
zones may be separated by one or more suitable wellbore
isolation devices. Suitable wellbore isolation devices are
generally known to those of skill in the art and include
but are not limited to packers, such as mechanical pack-
ers and swellable packers (e.g., Swellpackers™, com-
mercially available from Halliburton Energy Services,
Inc.), sand plugs, sealant compositions such as cement,
or combinations thereof. In an alternative embodiment,
only a portion of the zones (e.g., 2-18) may be isolated,
alternatively, the zones may remain unisolated. Addition-
ally and/or alternatively, a casing string may be secured
within the formation, as noted above, for example, by
cementing.

[0080] In an embodiment, for example, as shown in
Figure 2, the WAVA 200a-200i may be integrated within
the completion string 120, for example, such that, the
WAVA 200 and the completion string 120 comprise a
common flow passage. Thus, a fluid and/or an object
introduced into the completion string 120 will be commu-
nicated with the WAVA 200.

[0081] Inthe embodiment,the WAVA200isintroduced
and/or positioned within a wellbore 114 in the first con-
figuration, for example as shown in Figure 3A and Figure
6A. As disclosed herein, in the first configuration, the slid-
ing member 216 may be held in the first position, thereby
blocking fluid communication to/from the flow passage
36 of the WAVA 200 to/from the exterior of the WAVA
200 via the ports 212. In some embodiments, the sliding
member 216 may be positioned in a bypass port and a
separate flow passage may exist to allow production
through a flow control device. The first configuration of
the completion assembly comprising the WAVA in the
first position may be used during a completion operation
and/or during production for any amount of time.

[0082] In an embodiment where the wellbore is serv-
iced working from the furthest-downhole formation zone
progressively upward, the first WAVA 200a may be to be
transitioned into a different configuration. For example,
the WAVA 200a may be prepared for the communication
of a formation fluid (for example, a hydrocarbon, such as
oil and/or gas) from the proximate formation zone(s). In
an embodiment, preparing the WAVA 200 to communi-
cate the formation fluid may generally comprise commu-
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nicating an EM signal within the flow passage 36 of the
WAVA 200 to transition the WAVA 200 from the first con-
figuration to the second configuration.

[0083] In an embodiment, the EM signal may be com-
municated to the WAVA 200 to transition the WAVA 200
from the first configuration to the second configuration,
forexample, by transitioning the slidingmember 216 from
the first position to the second position. In an embodi-
ment, the EM signal may be transmitted by introducing
a transmitter (e.g., a dart) to the flow passage 36 of the
completion string 120. In an embodiment, the EM signal
may be unique to one or more WAVAs 200 and/or one
or more receivers 218 of the one or more WAVAs 200.
For example, a WAVA 200 (e.g., the actuation system
226 of such a well tool) may be configured such that a
predetermined EM signal may elicit a given response
from that particular well tool and/or WAVA. For example,
the EM signal may be characterized as unique to a par-
ticular tool (e.g., one or more of the WAVA 200a-200i
and/or one or more receivers 218). In an additional or
alternative embodiment, a given EM signal may cause a
given tool to enter an active mode (e.g., to wake from a
low power consumption mode) and/or to activate the ac-
tuation system 226.

[0084] Inanembodiment, the EM signal may comprise
known characteristics, known frequencies, modulations,
datarates, for example, as previously disclosed. The EM
signal may be sensed by the receiving antenna of one
or more receivers 218. In an embodiment, the receiving
antenna may communicate with the actuator 250, for ex-
ample, by transmitting an analog voltage signal via elec-
trical wires in response to detecting a predetermined EM
signal (e.g., a known frequency, modulation, and/or any
other characteristics of the EM signal).

[0085] In an embodiment, in response to (e.g., upon)
receiving the predetermined EM signal, the actuation
system 226 may allow fluid to escape from the second
sliding chamber portion 220b. For example, in an em-
bodiment, the receiver 218 may detect an EM signal with-
in the flow passage 36 and the receiver 218 may deter-
mine whether the EM signal experienced is a predeter-
mined EM signal (e.g., via an inductive coupling). In re-
sponse to the predetermined EM signal, the receiver 218
may communicate an activation signal (e.g., electric pow-
er) to the actuator 250, thereby causing the actuator 250
to cease to seal the second sliding chamber portion 200b
and to provide fluid communication with the fluid con-
tained therein. As fluid flows from the second sliding
chamber portion 220b, the fluid will no longer retain the
sliding member 216 in its first position and the sliding
member 216 may transition from the first position to the
second position. For example, the sliding member 216
may transition from the first position to the second posi-
tionas aresult of a fluid pressure applied to the first cham-
ber portion 220a. In an embodiment, the sliding member
216 may move from the first position to the second po-
sition because of a differential in the surface area of the
upward-facing surfaces which are fluidicly exposed to
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the first sliding chamber portion 220a and the surface
area of the downward-facing surfaces which are fluidicly
exposed to the second sliding chamber portion 220b. In
an embodiment, the transition of the sliding member 216
from the first position to the second position may open
the WAVA to flow by unblocking the inner port orifice
212b, thereby providing a route of fluid communication
between the inner port orifice 212b and the outer port
orifice 212a to fluid flow. In an embodiment, the transition
of the sliding member 216 from the first position to the
second position may open a flowpath through a flow re-
striction by unblocking the interior port 212d, thereby pro-
viding a route of fluid communication between the exter-
nal port 212c and the interior port 212d to fluid flow. In
an embodiment, the process of preparing the WAVA 200
for the communication of a fluid may further comprise
actuating (e.g., opening) one or more bypass valves 416
of the WAVA 200. In such an embodiment, the one or
more bypass valve 416 of the WAVA 200 may be actu-
ated (e.g., via electric power) and may provide a route
of fluid communication between the exterior port 212¢c
and the flow passage 36 via the bypass port 410. Once
the WAVA 200 has been configured for the communica-
tion of a formation fluid (e.g., a hydrocarbon, such as oil
and/or gas), for example, when the well tool (e.g., the
first WAVA 200a) has transitioned to the second config-
uration, fluid communication may be established be-
tween the first formation zone 2 and the flow passage 36
via the unblocked ports 212 of the first WAVA 200a.
[0086] Inanembodiment, the process of preparing the
WAVA 200 for the communication of a fluid (e.g., a pro-
duction fluid) via communication of a EM signal, and com-
municating a production fluid via the ports 212 of the WA-
VA 200 to the zone proximate to that WAVA 200 may be
repeated with respect to one or more of the well tools
(e.g., the first WAVA 200a, the second WAVA 200b, the
third WAVA 200c, the fourth WAVA 200d, the fifth WAVA
200e, the sixth WAVA 200f, the seventh WAVA 200g,
the eighth WAVA 200h, and/or the ninth WAVA 200i).
For example, in an embodiment, the process of preparing
the WAVA may be repeated for the first WAVA 200a and
may actuate (e.g., open) one or more additional ports
212 for fluid communication. In an additional or alterna-
tive embodiment, one or more WAVAs 200 (e.g., the sec-
ond WAVA 200b) may be prepared for communication
of a fluid (e.g., a production fluid).

[0087] When one or more of the well tools are present
in the wellbore, the transmitter may be used to actuate
only a single WAVA or a plurality of the WAVA. For ex-
ample, the transmitter may transmit a single frequency
that inductively couples with a specific WAVA (e.g., the
first WAVA 200a), thereby providing power to actuate the
specific WAVA. In order to actuate another WAVA, a sec-
ond transmitter may be disposed in the wellbore to actu-
ate one or more of the remaining WAVA (e.g., the second
WAVA 200b, the third WAVA 200c, the fourth WAVA
200d, the fifth WAVA 200e, the sixth WAVA 200f, the
seventh WAVA 200g, the eighth WAVA 200h, and/or the
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ninth WAVA 200i). This process may be repeated to ac-
tuate the desired number of WAVA. In an embodiment,
the single frequency transmitted by the transmitter may
actuate a plurality of WAVA. For example, two or more
of the WAVA may be configured to actuate based on the
same frequency EM signal. In this embodiment, a trans-
mitter may be used to actuate the applicable plurality of
WAVA in a single pass along the wellbore.

[0088] In an embodiment, a transmitter may transmit
a plurality of frequencies, which may actuate a plurality
of WAVA. For example, the transmitter may transmit a
plurality of frequencies, with each frequency being induc-
tively coupled to one or more of the WAVA (e.g., one or
more of the first WAVA 200a, the second WAVA 200b,
the third WAVA 200c, the fourth WAVA 200d, the fifth
WAVA 200e, the sixth WAVA 200f, the seventh WAVA
200g, the eighth WAVA 200h, or the ninth WAVA 200i).
The receivers associated with each WAVA may be con-
figured to inductively couple with one of the plurality of
frequencies, thereby allowing for any desired combina-
tion of WAVA to be actuated by a transmitter passed
through the wellbore. As another example, when a plu-
rality of WAVA are present in a single location (e.g., dis-
tributed circumferentially around a sleeve), the transmit-
ter may be configured to actuate one or more of the WA-
VA, without necessarily actuating all of the WAVA. This
may allow for a selective configuration of the flowpath at
a given location.

[0089] In some embodiments, the transmitter may
transmit different frequencies at different times and/or
locations within the wellbore. In this embodiment, the
transmitter may transmit one or more frequencies as it
passes through the wellbore. The transmitter may vary
the transmission of the one or more frequencies based
on time, depth, pressure, temperature, or the like to se-
lectively actuate one or more of the WAVA. The ability
of the transmitter to transmit a single signal, a plurality
of signals, or signals that change during passage through
the wellbore may allow for the WAVA to be selectively
reconfigured during use, with some zones being
changed, while others are left in the original or subse-
quent configurations.

[0090] While described herein in terms of a valve, it
should be understood that the WAVA may be used to
actuate one or more fluid pathways that can provide fluid
communication to one or more downhole tools, thereby
providing an indirect, selective actuation of the downhole
tools. For example, the WAVA may be actuated to re-
lease a valve seat (e.g., a ball seat) and thereby allow a
ball valve to selectively open and/or close, thereby indi-
rectly actuating the valve. Similarly, the WAVA may serve
to selectively provide fluid communication to a downhole
tool, where the fluid communication provides the larger
driving force to open, close, or provide a desired resist-
anceto aseparate fluid pathway. For example, the WAVA
may be actuated to open a fluid pathway to a piston. The
resulting fluid communication with the piston may be
used to drive one or more components within the well-
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bore, such as a packer setting tool, a valve assembly, a
sleeve, or any other type of piston driven downhole tools.
Accordingly, the WAVA may be used to directly control
a fluid pathway within the wellbore and/or provide a fluid
pathway configured to further actuate one or more down-
hole tools within the wellbore.

[0091] Having described the systems and method
herein, various embodiments may include, but are not
limited to:

[0092] In an embodiment, a wireless actuation system
comprises a transmitter, an actuation system comprising
a receiving antenna, and one or more sliding members
transitional from a first position to a second position. The
transmitter is configured to transmit an electromagnetic
signal, and the sliding member prevents a route of fluid
communication via one or more ports of a housing when
the sliding member is in the first position. The sliding
member allows fluid communication via the one or more
ports of the housing when the sliding member is in the
second position, and the actuation system is configured
to allow the sliding member to transition from the first
position to the second position in response to recognition
of the electromagnetic signal by the receiving antenna.
The receiving antenna may be tuned to receive a specific
signal frequency, and the actuation system may be con-
figured to allow the sliding member to transition from the
first position to the second position in response to the
receiving antenna receiving the specific signal frequen-
cy. The actuation system may be configured to maintain
the sliding member in the first position in response to the
receiving antenna receiving a signal substantially differ-
ent than the specific signal frequency. The transmitter
may comprise a power source and a signal generator
coupled to a transmitting antenna. The receiving antenna
may be configured to generate electric powerin response
to receiving the electromagnetic signal from the trans-
mitter. The actuation system may be configured to allow
the sliding member to transition from the first position to
the second position responsive to the electric power. The
actuation system may comprise an actuator coupled to
the receiving antenna, and the actuator may be config-
ured to transition the sliding member from the first posi-
tion to the second position. The actuator may comprise
a piercing member and an actuable member. The actu-
ator may comprise an actuatable valve. The actuation
system may be configured to pierce, rupture, destroy,
perforate, disintegrate, or combust the actuable member
in response to the recognition of the predetermined elec-
tromagnetic signal by the receiving antenna. The wire-
less actuation system may comprise a fluid chamber dis-
posed between the one or more sliding members and
the actuation system, and the fluid chamber may be con-
figured to retain the one or more sliding members in the
first position when fluid is sealed in the fluid chamber.
The actuation system may be configured to selectively
allow fluid to escape from the fluid chamber in response
to recognition of the predetermined electromagnetic sig-
nal by the receiving antenna.
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[0093] Inanembodiment, a wireless actuation system
comprises a receiving antenna, an actuation mechanism
coupled to the receiving antenna, a pressure chamber,
and a slidable component disposed in a downhole tool.
The receiving antenna is configured to generate an elec-
tric power in response to receiving a signal, and the ac-
tuation mechanism is configured to selectively trigger flu-
id communication between the pressure chamber and
the slidable component using the electric power. The sl-
idable component is configured to transition from a first
position to a second position based on a pressure differ-
ential between the pressure chamber and a second pres-
sure source. The receiving antenna may be tuned to gen-
erate the electric power in response to receiving the sig-
nal. The slidable component may prevent a route of fluid
communication via one or more ports of a housing when
the slidable component is in the first position, and the
slidable component may allow fluid communication via
the one or more ports of the housing when the slidable
componentisinthe second position. The pressure cham-
bermay comprise an atmospheric chamber. The wireless
actuation system may also include a valve, and the ac-
tuation mechanism may be configured to open the valve
using the electric power to provide the fluid communica-
tion between the pressure chamber and the slidable com-
ponent.

[0094] In an embodiment, an actuation system for a
downhole component comprises a powered transmitter
comprising a transmitting antenna, and a downhole com-
ponent comprising a central flowbore and a receiving an-
tenna coupled to an actuation system. The powered
transmitter is configured to be received within the central
flowbore, and the transmitting antenna is configured to
transmit a signal. The receiving antenna is configured to
generate electric power in response to receiving the sig-
nal from the transmitting antenna, and the actuation sys-
tem is configured to actuate using the electric power from
the receiving antenna. The signal may be configured to
selectively generate the electric power in the receiver
antenna. The actuation system may be configured to
puncture a rupture disk, and the actuation system may
be configured to actuate a valve from an open position
to a closed position or from a closed position to an open
position in response to puncturing the rupture disk. The
powered transmitter may comprise a power source and
a signal generator coupled to the transmitting antenna.
The actuation system may also include a valve member,
and the actuation system may be configured to actuate
the valve member in response to receiving the electric
power from the receiving antenna.

[0095] In an embodiment, a method of actuating a
downhole component comprises passing a powered
transmitter through a central flowbore of a downhole
component; transmitting a signal from a transmitting an-
tenna disposed in the powered transmitter; generating
electric power in a receiver antenna disposed in the
downhole component in response to receiving the signal
from the transmitting antenna; and actuating an actuation
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system using the electric power. The downhole compo-
nent may comprise a housing comprising the actuation
system; and a sliding member slidably positioned within
the housing. The sliding member may be configured to
transition from a first position to a second position. When
the sliding memberisin the first position, the sliding mem-
ber may prevent a route of fluid communication via one
or more ports of the housing, and when the sliding mem-
ber is in the second position, the sliding member may
allow fluid communication via the one or more ports of
the housing. The method may also include transitioning
the sliding member from the first position to the second
position in response to the actuating of the actuation sys-
tem. The signal may be uniquely associated with the re-
ceiver antenna. The transmitter may comprise a trans-
mitting antenna configured to transmit the signal, and the
electric power may be generated through inductive cou-
pling between the transmitting antenna and the receiving
antenna.

[0096] In an embodiment, a well screen assembly for
use downhole comprises a fluid pathway configured to
provide fluid communication between an exterior of a
wellbore tubular and an interior of the wellbore tubular;
a flow restrictor disposed in the fluid pathway; an actua-
tion system comprising a receiving antenna, and a sliding
member disposed in series with the flow restrictor in the
fluid pathway. The receiving antenna is configured to
generate electric power in response to receiving a first
electromagnetic signal having a first frequency, and the
sliding member is transitional from a first position to a
second position in response to the electric power. The
sliding member is configured to provide a first resistance
to fluid communication along the fluid pathway when the
sliding member is in the first position, and the sliding
member is configured to provide a second resistance,
which is different than the first resistance, to fluid com-
munication along the fluid pathway when the sliding
member is in the second position. The well screen as-
sembly may also include a second actuation system com-
prising a second receiving antenna, and a second sliding
member disposed in parallel with the flow restrictor. The
second receiving antenna may be configured to generate
electric power in response to receiving a second electro-
magnetic signal having a second frequency, and the sec-
ond sliding member may be disposed in a second fluid
pathway between the exterior of the wellbore tubular and
the interior of the wellbore tubular. The second fluid path-
way may bypass the flow restrictor, and the second slid-
ing member may prevent fluid communication along the
second fluid pathway when the second sliding member
is in an initial position. The second sliding member may
allow fluid communication along the second fluid pathway
when the second sliding member is in an actuated posi-
tion. The first frequency and the second frequency may
be the same, or the first frequency and the second fre-
quency may be different. The well screen assembly may
also include a transmitter, and the transmitter may be
configured to transmit the first electromagnetic signal to
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the receiving antenna. The transmitter may further be
configured to transmit the second electromagnetic signal
to the second receiving antenna. The well screen assem-
bly may also include a second transmitter, and the sec-
ond transmitter may be configured to transmit the second
electromagnetic signal to the second receiving antenna.
The well screen assembly may also include a second
fluid pathway configured to provide fluid communication
between an exterior of a second wellbore tubular and an
interior of the second wellbore tubular, a second flow
restrictor disposed in the second fluid pathway, a second
actuation system comprising a second receiving anten-
na, and a second sliding member disposed in series with
the second flow restrictor in the second fluid pathway.
The wellbore tubular and the second wellbore tubular
may form parts of a wellbore tubular string. The second
receiving antenna may be configured to generate a sec-
ond amount of electric power in response to receiving a
second electromagnetic signal having a second frequen-
cy, and the second sliding member may be transitional
from a third position to a fourth position in response to
the second amount of electric power. The second sliding
member may prevent fluid communication along the sec-
ond fluid pathway when the second sliding member is in
the third position, and the second sliding member may
allow fluid communication along the second fluid pathway
when the second sliding member is in the fourth position.
The first frequency and the second frequency may be
different.

[0097] In an embodiment, a well screen assembly for
use in a wellbore comprises a plurality of fluid pathways.
Each fluid pathway of the plurality of fluid pathways is
configured to provide fluid communication between an
exterior of a wellbore tubular and an interior of the well-
bore tubular, and two or more fluid pathways of the plu-
rality of fluid pathways comprise an actuation system
comprising a receiving antenna, and a sliding member
disposed in the corresponding fluid pathway. The receiv-
ing antenna is configured to generate electric power in
response to receiving a specific electromagnetic signal,
and the sliding member is transitional from a first position
to a second position in response to the electric power.
The sliding member prevents fluid communication along
the corresponding fluid pathway when the sliding mem-
ber is in the first position, and the sliding member allows
fluid communication along the corresponding fluid path-
way when the sliding member is in the second position.
The actuation systems in each of the two or more fluid
pathways may be configured to generate the electric
power in response to specific electromagnetic signals
having different frequencies. The well screen assembly
may also include a flow restriction disposed in at least
one of the two or more fluid pathways. The receiving an-
tenna may be physically tuned to the specific electromag-
netic signal. The well screen assembly may also include
a transmitter, and the transmitter may be configured to
transmit the specific electromagnetic signal to at least
one corresponding receiving antenna. At least one re-
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ceiving antenna may be configured to not generate elec-
tric power in response to the transmitter transmitting the
specific electromagnetic signal to the at least one corre-
sponding receiving antenna.

[0098] In an embodiment, a method comprises pre-
venting, by a sliding member, fluid flow through a fluid
pathway in a well screen assembly, inductively coupling,
by a receiving antenna, with a transmitting antenna that
is transmitting a first signal, generating electric power in
the receiving antenna in response to receiving the first
signal, translating the sliding member using the electric
power, and allowing fluid flow through the fluid pathway
in response to the translating of the sliding member. The
fluid pathway is configured to provide fluid communica-
tion between an exterior of a wellbore tubular and an
interior of the wellbore tubular. A flow restrictor may be
disposedin the fluid pathway. The method may also com-
prise preventing, by a second sliding member, fluid flow
through a second fluid pathway in the well screen as-
sembly, inductively coupling, by a second receiving an-
tenna, with a second transmitting antenna that is trans-
mitting a second signal; generating a second amount of
electric power in the second receiving antenna in re-
sponse to receiving the second signal; translating the
second sliding member using the second amount of elec-
tric power; and allowing fluid flow through the second
fluid pathway in response to the translating of the second
sliding member. The second fluid pathway may be con-
figured to provide fluid communication between the ex-
terior of a wellbore tubular and an interior of the wellbore
tubular. The second fluid pathway may be disposed in
parallel with the fluid pathway. The transmitting antenna
and the second transmitting antenna may be disposed
in the same transmitter. The first signal and the second
signal may have approximately the same frequencies, or
the first signal and the second signal may have different
frequencies.

[0099] Itshould be understood that the various embod-
iments previously described may be utilized in various
orientations, such as inclined, inverted, horizontal, verti-
cal, etc., and in various configurations, without departing
from the principles of this disclosure. The embodiments
are described merely as examples of useful applications
of the principles of the disclosure, which is not limited to
any specific details of these embodiments.

[0100] In the above description of the representative
examples, directional terms (such as "above," "below,"
"upper," "lower," etc.) are used for convenience in refer-
ring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is
not limited to any particular directions described herein.
[0101] The terms "including," "includes," "comprising,"
"comprises," and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as "includ-
ing" a certain feature or element, the system, method,
apparatus, device, etc., can include that feature or ele-
ment, and can also include other features or elements.
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Similarly, the term "comprises" is considered to mean
"comprises, but is not limited to."

[0102] Ofcourse,apersonskilledintheartwould, upon
a careful consideration of the above description of rep-
resentative embodiments of the disclosure, readily ap-
preciate that many modifications, additions, substitu-
tions, deletions, and other changes may be made to the
specific embodiments, and such changes are contem-
plated by the principles of this disclosure. Accordingly,
the foregoing detailed description is to be clearly under-
stood as being given by way of illustration and example
only, the spirit and scope of the invention being limited
solely by the appended claims and their equivalents.
[0103] While embodiments of the invention have been
shown and described, modifications thereof can be made
by one skilled in the art without departing from the spirit
and teachings of the invention. The embodiments de-
scribed herein are exemplary only, and are not intended
to be limiting. Many variations and modifications of the
invention disclosed herein are possible and are within
the scope of the invention. Where numerical ranges or
limitations are expressly stated, such express ranges or
limitations should be understood toinclude iterative rang-
es or limitations of like magnitude falling within the ex-
pressly stated ranges or limitations (e.g., from about 1 to
about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes
0.11,0.12, 0.13, etc.). For example, whenever a numer-
ical range with a lower limit, Rl, and an upper limit, Ru,
is disclosed, any number falling within the range is spe-
cifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=RI +k* (Ru-
RI), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percentincrement, i.e., kis 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, ..... 50 percent,
51 percent, 52 percent, ..... , 95 percent, 96 percent, 97
percent, 98 percent, 99 percent, or 100 percent. Moreo-
ver, any numerical range defined by two R numbers as
defined in the above is also specifically disclosed. Use
of the term "optionally" with respect to any element of a
claim is intended to mean that the subject element is
required, or alternatively, is not required. Both alterna-
tives are intended to be within the scope of the claim.
Use of broader terms such as comprises, includes, hav-
ing, etc. should be understood to provide support for nar-
rower terms such as consisting of, consisting essentially
of, comprised substantially of, etc.

[0104] Accordingly, the scope of protection is not lim-
ited by the description set out above but is only limited
by the claims which follow, that scope including all equiv-
alents of the subject matter of the claims. Each and every
claim is incorporated into the specification as an embod-
iment of the present invention. Thus, the claims are a
further description and are an addition to the embodi-
ments of the present invention. The discussion of a ref-
erence in the Detailed Description of the Embodiments
is not an admission that it is prior art to the present in-
vention, especially any reference that may have a pub-
lication date after the priority date of this application. The
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disclosures of all patents, patent applications, and pub-
lications cited herein are hereby incorporated by refer-
ence, to the extent that they provide exemplary, proce-
dural or other details supplementary to those set forth
herein.

STATEMENTS:
[0105]
1. A wireless actuation system comprising:

a transmitter, wherein the transmitter is config-
ured to transmit an electromagnetic signal;

an actuation system comprising a receiving an-
tenna; and

one or more sliding members transitional from
a first position to a second position;

wherein the sliding member prevents a route of
fluid communication via one or more ports of a
housing when the sliding member is in the first
position, and wherein the sliding member allows
fluid communication via the one or more ports
of the housing when the sliding member is in the
second position; and

wherein the actuation system is configured to
allow the sliding member to transition from the
first position to the second position in response
to recognition of the electromagnetic signal by
the receiving antenna.

2. The wireless actuation system of statement 1,
wherein the receiving antenna is tuned to receive a
specific signal frequency, and wherein the actuation
system is configured to allow the sliding member to
transition from the first position to the second position
in response to the receiving antenna receiving the
specific signal frequency.

3. The wireless actuation system of statement 2,
wherein the actuation system is configured to main-
tain the sliding member in the first position in re-
sponse to the receiving antenna receiving a signal
substantially different than the specific signal fre-
quency.

4. The wireless actuation system of any of state-
ments 1 to 3, wherein the transmitter comprises a
power source and a signal generator coupled to a
transmitting antenna.

5. The wireless actuation system of any of state-
ments 1 to 4, wherein the receiving antenna is con-
figured to generate electric power in response to re-
ceiving the electromagnetic signal from the transmit-
ter.

6. The wireless actuation system of statement 5,
wherein the actuation system is configured to allow
the sliding member to transition from the first position
to the second position responsive to the electric pow-
er.
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7. The wireless actuation system of any of state-
ments 1 to 6, wherein the actuation system compris-
es an actuator coupled to the receiving antenna, and
wherein the actuator is configured to transition the
sliding member from the first position to the second
position.

8. The wireless actuation system of statement 7,
wherein the actuator comprises a piercing member
and an actuable member.

9. The wireless actuation system of statement 7 or
8, wherein the actuator comprises an actuatable
valve.

10. The wireless actuation system of any of state-
ments 7 to 9, wherein the actuation system is con-
figured to pierce, rupture, destroy, perforate, disin-
tegrate, or combust the actuable member in re-
sponse to the recognition of the predetermined elec-
tromagnetic signal by the receiving antenna.

11. The wireless actuation system of any of state-
ments 1to 10, wherein the wireless actuation system
comprises a fluid chamber disposed between the
one or more sliding members and the actuation sys-
tem, and wherein the fluid chamber is configured to
retain the one or more sliding members in the first
position when fluid is sealed in the fluid chamber.
12. The wireless actuation system of statement 11,
wherein the actuation system is configured to selec-
tively allow fluid to escape from the fluid chamber in
response to recognition of the predetermined elec-
tromagnetic signal by the receiving antenna.

13. A wireless actuation system comprising:

a receiving antenna;

an actuation mechanism coupled to the receiv-
ing antenna;

a pressure chamber; and

a slidable component disposed in a downhole
tool;

wherein the receiving antenna is configured to
generate electric power in response to receiving
a signal, wherein the actuation mechanism is
configured to selectively trigger fluid communi-
cation between the pressure chamber and the
slidable component using the electric power,
and wherein the slidable component is config-
ured to transition from a first position to a second
position based on a pressure differential be-
tween the pressure chamber and a second pres-
sure source.

14. The wireless actuation system of statement 13,
wherein the receiving antenna is tuned to generate
the electric powerinresponse toreceiving the signal.
15. The wireless actuation system of statement 13
or 14, wherein the slidable component prevents a
route of fluid communication via one or more ports
of a housing when the slidable component is in the
first position, and wherein the slidable component
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allows fluid communication via the one or more ports
of the housing when the slidable componentis in the
second position.

16. The wireless actuation system of any of state-
ments 13 to 15, wherein the pressure chamber com-
prises an atmospheric chamber.

17. The wireless actuation system of any of state-
ments 13 to 16, further comprising a valve, wherein
the actuation mechanism is configured to open the
valve using the electric power to provide the fluid
communication between the pressure chamber and
the slidable component.

18. An actuation system for a downhole component
comprising:

a powered transmitter comprising a transmitting
antenna; and

a downhole component comprising a central
flowbore and a receiving antenna coupled to an
actuation system;

wherein the powered transmitter is configured
to be received within the central flowbore,
wherein the transmitting antenna is configured
to transmit a signal,

wherein the receiving antenna is configured to
generate electric power in response to receiving
the signal from the transmitting antenna, and
wherein the actuation system is configured to
actuate using the electric power from the receiv-
ing antenna.

19. The actuation system of statement 18, wherein
the signal is configured to selectively generate the
electric power in the receiver antenna.

20. The actuation system of statement 18 or 19,
wherein the actuation system is configured to punc-
ture a fluid barrier, and wherein the actuation system
is configured to actuate a valve from an open position
to a closed position or from a closed position to an
open position in response to puncturing the fluid bar-
rier.

21. The actuation system of any of statements 18 to
20, wherein the powered transmitter comprises a
power source and a signal generator coupled to the
transmitting antenna.

22. The actuation system of any of statements 18 to
21, further comprising a valve member, wherein the
actuation system is configured to actuate the valve
member in response to receiving the electric power
from the receiving antenna.

23. A method of actuating a downhole component
comprising:

passing a powered transmitter through a central
flowbore of a downhole component;
transmitting a signal from a transmitting antenna
disposed in the powered transmitter;
generating electric power in a receiver antenna
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disposed in the downhole component in re-
sponse to receiving the signal from the transmit-
ting antenna; and

actuating an actuation system using the electric
power.

24. The method of statement 23, wherein the down-
hole component comprises:

a housing comprising the actuation system; and
a sliding member slidably positioned within the
housing,

wherein the slidingmemberis configured to tran-
sition from a first position to a second position;
wherein when the sliding member is in the first
position, the sliding member prevents a route of
fluid communication via one or more ports of the
housing, and when the sliding member is in the
second position, the sliding member allows fluid
communication via the one or more ports of the
housing.

25. The method of statement 24, further comprising
transitioning the sliding member from the first posi-
tion to the second position in response to the actu-
ating of the actuation system.

26. The method of any of statements 23 to 25, where-
in the signal is uniquely associated with the receiver
antenna.

27. The method of any of statements 23 to 26, where-
in the transmitter comprises a transmitting antenna
configured to transmit the signal, and wherein the
electric power is generated through inductive cou-
pling between the transmitting antenna and the re-
ceiving antenna.

Claims

A well screen assembly for use downhole compris-
ing:

a first fluid pathway configured to provide fluid com-
munication between an exterior of a wellbore tubular
and an interior of the wellbore tubular;

a flow restrictor disposed in the fluid pathway;
afirst actuation system comprising a first receiv-
ing antenna, wherein the first receiving antenna
is configured to generate an electric current in
response toreceiving a first electromagnetic sig-
nal having a first frequency; and

a first sliding member disposed in series with
the flow restrictor in the fluid pathway, wherein
the sliding member is transitional from a first po-
sition to a second position in response to the
electric current; wherein the sliding member pre-
vents fluid communication along the fluid path-
way when the sliding member is in the first po-

10

15

20

25

30

35

40

45

50

55

21

sition, and wherein the sliding member allows
fluid communication along the fluid pathway
when the sliding member is in the second posi-
tion.

2. The well screen assembly of claim 1, further com-

prising:

a second actuation system comprising a second
receiving antenna, wherein the second receiv-
ing antenna is configured to generate an electric
current in response to receiving a second elec-
tromagnetic signal having a second frequency;
and

a second sliding member disposed in parallel
with the flow restrictor, wherein the second slid-
ing member is disposed in a second fluid path-
way between the exterior of the well-bore tubular
and the interior of the wellbore tubular, wherein
the second fluid pathway bypasses the flow re-
strictor, and wherein the second sliding member
prevents fluid communication along the second
fluid pathway when the second sliding member
is in an initial position, wherein the second slid-
ing member allows fluid communication along
the second fluid pathway when the second slid-
ing member is in an actuated position.

The well screen assembly of claim 2, wherein the
first frequency and the second frequency are the
same, or wherein the first frequency and the second
frequency are different.

The well screen assembly of claim 2, further com-
prising a transmitter, wherein the transmitter is con-
figured to transmit the first electromagnetic signal to
the first receiving antenna.

The well screen assembly of claim 4, wherein the
transmitter is further configured to transmit the sec-
ond electromagnetic signal to the second receiving
antenna.

The well screen assembly of claim 4, further com-
prising a second transmitter, wherein the second
transmitter is configured to transmit the second elec-
tromagnetic signal to the second receiving antenna.

The well screen assembly of claim 1, further com-
prising:

a second fluid pathway configured to provide flu-
id communication between an exterior of a sec-
ond wellbore tubular and an interior of the sec-
ond wellbore tubular, wherein the wellbore tu-
bular and the second wellbore tubular form parts
of a wellbore tubular string;

a second flow restrictor disposed in the second
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fluid pathway;

a second actuation system comprising a second
receiving antenna, wherein the second receiv-
ing antenna is configured to generate a second
electric current in response to receiving a sec-
ond electromagnetic signal having a second fre-
quency; and

a second sliding member disposed in series with
the second flow restrictor in the second fluid
pathway, wherein the second sliding member is
transitional from a third position to a fourth po-
sition in response to the second electric current;
wherein the second sliding member prevents
fluid communication along the second fluid path-
way when the second sliding member is in the
third position, and wherein the second sliding
member allows fluid communication along the
second fluid pathway when the second sliding
member is in the fourth position, optionally
wherein the first frequency and the second fre-
quency are different.

A well screen assembly for use in a wellbore com-
prising:

a plurality of fluid pathways, wherein each fluid path-
way of the plurality of fluid pathways is configured to
provide fluid communication between an exterior of
a wellbore tubular and an interior of the wellbore tu-
bular, wherein two or more fluid pathways of the plu-
rality of fluid pathways comprise:

an actuation system comprising a receiving an-
tenna, wherein the receiving antenna is config-
ured to generate an electric current in response
to receiving a specific electromagnetic signal;
a flow restrictor disposed in at least one of the
two or more fluid pathways; and

a sliding member disposed in the corresponding
fluid pathway, wherein the sliding member is
transitional from a first position to a second po-
sition in response to the electric current; wherein
the sliding member prevents fluid communica-
tion along the corresponding fluid pathway when
the sliding member is in the first position, and
wherein the sliding member allows fluid commu-
nication along the corresponding fluid pathway
when the sliding member is in the second posi-
tion.

The well screen assembly of claim 8, wherein the
actuation systems in each of the two or more fluid
pathways are configured to generate the electric cur-
rent in response to specific electromagnetic signals
having different frequencies.

The well screen assembly of claim 8, wherein the
receiving antenna is physically tuned to the specific
electromagnetic signal.
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The well screen assembly of claim 8, further com-
prising a transmitter, wherein the transmitter is con-
figured to transmit the specific electromagnetic sig-
nal to at least one corresponding receiving antenna.

The well screen assembly of claim 8, wherein at least
one receiving antenna is configured to not generate
an electric current in response to the transmitter
transmitting the specific electromagnetic signal to
the at least one corresponding receiving antenna.

A method comprising:

preventing, by a first sliding member, fluid flow
through a first fluid pathway in a well screen as-
sembly, wherein the first fluid pathway is config-
ured to provide fluid communication between an
exterior of a wellbore tubular and an interior of
the wellbore tubular;

inductively coupling, by afirstreceiving antenna,
with a first transmitting antenna that is transmit-
ting a first signal;

generating a first electric current in the first re-
ceiving antennain response to receiving the first
signal;

translating the first sliding member using the first
electric current; and

allowing fluid flow through a flow restrictor is dis-
posed in the first fluid pathway in response to
the translating of the first sliding member.

The method of claim 13, further comprising:

preventing, by a second sliding member, fluid
flow through a second fluid pathway in the well
screen assembly, wherein the second fluid path-
way is configured to provide fluid communica-
tion between the exterior of a wellbore tubular
and an interior of the wellbore tubular and
wherein the second fluid pathway is dis posed
in parallel with the fluid pathway;

inductively coupling, by a second receiving an-
tenna, with a second transmitting antenna that
is transmitting a second signal;

generating a second electric current in the sec-
ond receiving antenna in response to receiving
the second signal;

translating the second sliding member using the
second electric current; and

allowing fluid flow through the second fluid path-
way in response to the translating of the second
sliding member.

The method of claim 13, wherein the first transmitting
antenna and the second transmitting antenna are
disposed in one transmitter or wherein the first signal
and the second signal have different frequencies.



EP 3 569 813 A1

¢ \\uW\/N\/WN«V\ W

5 O RR R sRRRI30:3830883003%)
\\./ : Z e
, ; Co £ sy .. ] . T
L PO BT PV _ PR VaNve: NS AT e
4 14 g g o1 Zi ¥i g1

AV E| okt

9a1

23



EP 3 569 813 A1

POOZ  G00Z  S00Z  POOZ 800z 002 Booz Yooz 002

143

S %/%»\wxmw\ s R /«\A%A\vx&&\x\\/vx\/\x/%v%/m\\&\\/%@@@/A%&%m%%@&x&@
\\/ R ,. /_ . & / Vv/_ / A,Mx . ﬁ,/ Nw Q. . vf, . 17
A NN ¢ MR N -« BN TN ¢ R NN« BN TN ¢ MR N .« IR TN ¢ R N -« WS M <
X XL XL X
N e
[ N - 2 < 5 H ¢ X b2 B bz izt
: i ) ) 7 4 , R MA. r
/...\,v,.,\\\\\\..X/ NI NN P& SN Y e A e i MW!QW%
& ¥ 9 g g1 ol ¥i g \v
T
BOLL Q0LE SB0LL POLL 304 o048 Bogl uosl L4 S ar
q- K6l
X 7
./W A Y
P
: y -
g
%
&l < X

¢ Ild

24



VAN
¢ﬁ$%§?>yh

EP 3 569 813 A1

200

120

\).

——210

—1 7 114

G

2120

230
2200

)
o
/
| {
KO

b2 18¢
2?§"-~\__ // 216a

V~ 2126 K8 Ay 216
3 216b—
Z 2164

- - 220b
»»»»»»»»»» N 222

2 226\ —22¢ 250

220¢
e

S0 N — T

QR s

300 N

NV

FIG.3A

25



A L S
\}"/\>§’}\// X

NN

7
)

R 2

EP 3 569 813 A1

ST

300

FIG.3B

26

200

T,
7/
<
N
Y210
si»m—nzs@ e
£ ~2120
N 23
2200
2
250
|
S
S
<\\
¥







EP 3 569 813 A1

°29 L]

gee &Gie  qzie gle

gié

\\%/ /

P8iE GI& D8l GIZ 0g2

AT

\

.lllll

¥l

28



EP 3 569 813 A1

8¢¢

/

V9 old

g¢¢é

N

gid

L

A

0s¢

'\@.
Boone
Qo

29



EP 3 569 813 A1

H3°9Ol4

ot
LN
g5z pZiZ
o AN
K N N
{ W a/\ ﬁﬂ
e V m // \,,\ i
g1z _ A, e A, \ ) =
y, 77 VA o212
052 P9IZ 912 09iZ o5z wov

A

30



EP 3 569 813 A1

J8°9l4

ot
LN
mmm/ mmm/
N AN N
m W < =
e V m // \,,\ i
g1z _ A, e A, \xx\ ) =
y, 77 VAR o212
052 P9IZ 912 09iZ o5z wov

A

31



10

15

20

25

30

35

40

45

50

55

EP 3 569 813 A1

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 18 2860

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

Y

US 2004/149435 A1l (HENDERSON WILLIAM D
[US]) 5 August 2004 (2004-08-05)

* abstract *

* paragraph [0035] - paragraph [0041];
figure 3 *

* paragraph [0049] - paragraph [0054];
figure 8 *

US 2009/206290 Al (WYGNANSKI WLADYSLAW
[GB]) 20 August 2009 (2009-08-20)

* abstract; figures *

* paragraph [0078] *

US 2009/288838 Al (RICHARDS WILLIAM MARK
[US]) 26 November 2009 (2009-11-26)

* the whole document *

US 2011/297393 Al (PATEL DINESH R [US])
8 December 2011 (2011-12-08)

* the whole document *

US 2010/314562 Al (BISSET STEPHEN [US])
16 December 2010 (2010-12-16)

* the whole document *

The present search report has been drawn up for all claims

1,7-15

1,7-15

1-15

1-15

1-15

INV.
E21B34/16
E21B47/13

TECHNICAL FIELDS
SEARCHED (IPC)

E21B

Place of search Date of completion of the search

The Hague 25 September 2019

Examiner

Van Dooren, Marc

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

X : particularly relevant if taken alone after the filing date

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

32




EP 3 569 813 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 18 2860

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

25-09-2019
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004149435 Al 05-08-2004 US 2004149435 Al 05-08-2004
WO 2004072432 A2 26-08-2004
US 2009206290 Al 20-08-2009  EP 1809936 Al 25-07-2007
GB 2425817 A 08-11-2006
NO 341457 Bl 13-11-2017
US 2009206290 Al 20-08-2009
WO 2006048616 Al 11-05-2006
US 2009288838 Al 26-11-2009 US 2009288838 Al 26-11-2009
US 2011030969 Al 10-02-2011
WO 2010005632 A2 14-01-2010
US 2011297393 Al 08-12-2011 EP 2561178 A2 27-02-2013
RU 2012156859 A 10-07-2014
US 2011297393 Al 08-12-2011
US 2014166302 Al 19-06-2014
WO 2011150048 A2 01-12-2011
US 2010314562 Al 16-12-2010 US 2010314562 Al 16-12-2010
WO 2010144699 A2 16-12-2010

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

33




EP 3 569 813 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e US 20110174504 A [0065] * US 20110036590 A [0069]
e US 20100175867 A [0065]

34



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

